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OUTLINE OF PRINCIPAL RESULTS. 



GENERAL GEOLOGY. 

The oldest rocks of the Clifton quadrangle are pre-Cambrian granite and 
(|uartzitic .schists, .separated by an important unconformity from the covering 
Paleozoic strata. The latter comprise a total thickness of 1,500 feet. At the 
\mso. lie 200 feet of probably Cambrian quartzitic sandstone, succeeded by 200 
to 400 feet of Ordovician limestones. About 100 feet of Devonian (?) shale and 
argillaceous limestones cover the Ordovician beds, while the uppermost part of 
the Paleozoic sediments consists of heavy-bedded pure liiuestones of lower Car- 
boniferous (Mississippian) age with a thickness of 180 feet. 

The Paleozoic strata, over limited areas, are overlain bv Cretaceous shales 
and sandstones which have a thickness of several hundred feet and which are, at 
least in part, equivalent to the Benton formation. A second unconformity, less 
pronounced than the first, exists between the Paleozoic and the Cretaceous. 

Masses of granitic and dioritic porphyries were intruded in the older rocks 
after the deposition of the Cretaceous series, and form .stocks, dikes, lac<*oliths, 
and sheets. 

All of the above-mentioned rocks have participated in an uplift and a warping 
or doming succeeded bv faulting. The effects of vigorous faulting are especially 
striking. These movements took place during latest Cretaceous or earliest Tertiary 
time. 

Enormous masses of lavas — basalt and rhvolite, with some andesite — covered 
all the above-described rocks during the Tertiary age, and now form a broad 
frame inclosing the comparativelj- little exposed older rocks in the center. Tertiary 
sediments are not known in this quadrangle. 

Erosion has sculptured the rock masses of the quadrangle since early Tertiary 
time, and at many places has laid bare the older rocks by removal of the covering 
lavas. A part of the removed detritus — that carried away by the streams during 
Quaternary time — still lies spread out at the foot of the mountains as coarse and 
roughly bedded deposits — the Gila conglomerate. A change of level during later 
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18/*.';/ OUTLINE OF PRINCIPAL RESULTS. 

. Cfituternary time increasiHl the erc>5«ive power of the streams and foi\*ed them to cut 
./•'rtirtnijrh the (iila i'onj^lomenite in lH)x-like i^anyons a few hundred feet in depth, 
.'in whirh the wateiN now flow over smmly beds along well-graded river courses. 

THE COPPER DEPOSITS. 

The Clifton quadrangle contains many i'opper deposits. Copper is in fact the 
only metal pnnluctHl in large amounts, and the deposits of cK>pper ores at Morenci 
and Metcalf are among the most impi>rtant in Arizona. 

l^^tilnctinn mul d* *\tt'pitt» nt. The on» deposits were discovereil in 1872, but 
for many years their development was slow l>ei^use only rich ores could be 
utilized, the district U'ing far distant fnmi establisheil lines of communication. 
Since l^^l^o, however, the pn>gi-ess has Ihhmi rapid. At the prev<ent time, large 
iHKlies of low-gnide oiv U^ing utiliztnl, the proiluction has reached high figures. 
Two stn>ng companies, the lVtn>it CopiH»r CVnu^iany and the Arizona Copper 
C onuwny, have contributtnl by far the gn»Htest jiart of the production since 1882. 
Since liK^2 a thiiil, the Shannon C\>p|.H*r Comjiany, has been added. The mines 
of the lVtn>it c^>mi>any ar*^ Un^ateil at Morenci, those of the Arizona company 
at Mon»nci and Metcalf, and ihost^ of the Shannon i*ompaiiy at Metcalf. 

In 11K>2 the total pnnluction i\>n4» to 4i>,MKKUK.> |)oumls of copper: in liN>8 it had 
attained :k>,4<k>,uh» |H>unds, with a value of aU>ul $T,4<h»,»xK». Of the production 
in l^>3 the Arizona iinni^any i\>ntribut4»^l H0^228,lHK> (k>uihK the Detroit company 
lt>,^^s,2;»2 jK>unds, and the Sliannon comiiany t>,t»(H),iKH> {XHiuds. The ores mined 
average 3 or 4 ^hu* cent of cop|H*r. The monthly out(Hit of ore in 1902 was about 
tU>,iHK> short tons. Of this, 47,»KK) tons weiv classeil as i\>Di'entrating ore and 
12,^KX> tons as higher grade smelting ore, with ti to 10 |K*r cent ivpper. The Arizona 
i\)mpttuy smelteil the lowest graile of oiv, while the lVtn>it i\>mpany averaged some- 
wlrnt higher. The on*s of the Shannon a>ani»ny were in UH>2 exclusively oxidized 
ores, containing al>out 8 \^'X • ent wpi>er. Sinw then this com^iauy has also begun 
the mining of wm-entrating i>re. By far the lai-g^n* perwntage of ore ^vnsisted of 
sulphide ore, containing pyrite ami chaKiHMte. Of oxidiz^nl ores aUuit l^iM) ton* 
per month were mined at Metcalf, and a steadily diminishing aunmnt from l,^H> ton** 
per mouth at Morenci, making a total of U,^iK> tons, k>v aUmt one- fourth the total 
production. The output of oxidizinl ore at Met^mlf will ivntinue for a number of 
years and possibly increase. The oxidiztnl ore mineil by the Arizona Copper 
Company at Meti^alf is the lowest grade utili»e<l in the district, and probably 
contains on an average less than 8 per cent. 

The total output of the district to the eml of IVK^ is entimatiHl to l>e aUmt 5X>l,tkH.> 
abort tons of copper, having a value of approximately |tK^.XK>,vKK>, 

Clifton is sei-ond in importance in Ari«i>iMi as a wp|K^r-pi\Hlucing vump. 



CONTACT-MET AMORPHIC DEPOSITS. 11) 

In 11W)3 Bisbee produced ♦)2,500jX)0, Clifton 53,400,000, and United Verde district 
28,000 pounds of copper. The production of Arizona is at present a little more 
than one-fifth of the total production of the United States. 

The Morenci and Metcalf districts are not distinguished by the great depth 
attained in mining. At Metcalf all of the deposits are worked by open cuts or 
tunnels, as they occur near the surface of Shannon Mountain. At Morenci, 
where the more important deposits underlie Copper Mountain, two of the largest 
mines, the Copper Mountain and the Humboldt, are still worked by tunnels, 
though the latter has a shaft also; others, like the Arizona Central and the Kyer- 
son, are opened b}' shafts less than 4<.)o feet in depth. The celebrated Longfellow 
deposit was mined from four tunnel levels, the Manganese Blue by a shaft 400 
feet deep, and the Detroit b\' a shaft about 800 feet deep. 

Contacf-metamorphic depoftits, — There is no evidence of ore dei)osits having 
been formed in this region before the intrusion of porphyry. This event appears 
to l)e in most intimate connection with the origin of all the copper deposits in 
the region. Wherever the porphyry came into contact with the granite or the 
quartzite, little alteration is observed; but wherever we find the porphyry adjoining 
the limestones or the shales of the Paleozoic serieb verv extensive contact meta- 
morphism is noted, resulting in the formation of large masses of garnet and 
epidote. This alteration is particularly observable at Morenci. The whole Paleo- 
zoic series is affected, but more particularly the pure limestone of the lower 
Carboniferous, which, for a distance of several hundred feet from the contact, 
has been converted into an almost solid mass of garnet. The shales have suffered 
less from this metamorphism, but near the porphyry are apt to contain epidote 
and other minerals. This metamorphism appears not only at the contact of the 
main mass of porphyry forming the southern slope of Copper Mountain, but also 
in the hills l)etween Morenci and the Longfellow mine, in which dikes have 
produced contact-metamorphic minerals along theii* sides. Wherever alteration 
has not masked the phenomena, magnetite, pyrite, ehalcopyrite, and zinc blende 
accompany in v^arious proportions the contact-metamorphic minerals, and are 
intergrown with them in such a way that the contact-metamorphic origin of 
these ores appears beyond doubt. 4 In many places the ores have accumulated along 
certain horizons in the sedimentary series, evidently more suitable than others to 
the processes of alteration which produced the deposits. The origin of these 
contact-metamorphic deposits is conceived to be in the water and metallic sub- 
stances which were originally contained in the magma of the porphyrj', and which 
were released by decreasing pressure at the time of the intrusion of the rock 
into higher levels of the earth's crust. We may thus speak of these deposits as 
contemporaneous with the cooling and solidification of the porphyry. 



A* v^ S'-'t'nv.. tihi% "^r* 1*pr/«it* ?rt (inrw?*r/>fk^ ar*!: ofU-n irrejriil»r. ^t more 
}#.*3Vw^nC^^ . ^^-^.HiEfi*'. 4M*<ivmM*r « finu'irilicr ^h^pi^. 'io^ r.o tb#: actf^mubcioo of the min- 

^HiC^x^A^ »*f>ir* Tiiko^e i*rr? jfr*flrtij mlt^ntd the diirpo^it** in linw^one. Tb»- 
^v*i(>AtyVv .i^i^ ^j#:^n^r ^^invoiitrfAi^ bivt/j' ^f^su^if^imM^^^ aiKi iiitaiU#:hitP mod azarite are the 
M^/Ht //^^^#yM 'yf*r<, ^.ojyfTll^ *W* f^f:tXkt^ ^rtt^a-^lvelv. aiKl ?MMrIIl> to form by pref- 
^$^:*ti^> Jai ^.f^ «^iiiik U/fttiift^j^ (4irft //f th^ Ihf^fOMa^n •y^ti^in. i.luilrocite and other 
#|»/}(>^^VV» aif'r niu$fii^ *^Uf*:ir ^Itn^^nf. Tit^ zint' hX^rnAh hMn been carried awav a> 
Jti»jif/f0aU^ tA /4f^:, >rfci*^># U tr^ifi^^tiy Umufi in *?fflore«cence on the walk of the 
U$uf$f4^ 7>*^ inom^fi^iU' %f^l tb^ $^rn^ whi/rb ori^nalk formed a part of these 
^Urff0fttiU t^v^ ait// tiftfUrty^ffti^, 4frf:0Hu\pf^%tum. the r^ulting minerals being silica 

^ 'V\i^ f'^Mffni^l t^m^MlffW mitt^ U work^iid on one of the^te deposit* occurring 
aft« r^m^tly «|M^fcif^$(. i^ fftftn^lntitn^rd twmi^ in the Ordovician limestone, between 
I wo ^rui*- tf^^riphyry 'lik^«, Vnrth^r w*r#t. along the main porphyry contact* the 
yimtt^AHUm U *'4t*'jmut*rft'A^ %fA fart^i^r on t^ie iMtroit and the )Iangane.se Blue 
inin^«. IV/lb of t\^' \tUUrru$iw^ wirr#? work^lon ^^veral tabular ore bodies, three or 
in//r^ in imm^mr, 'tfrnrnnyi tu \$^tri'/Jtft^ varying frmn Silurian tr> the lower Carbonif- 
«fr/#«*;, All of tiM'wr iU*\ftHtitm af*' r»^#fr larg^'ly exhau«tte/l. They contained a large 
'inanlity of %'i'ry ru'U furSHmHU* and oxid#' or^. The extent of these ore bodies was, 
Sitt¥ti*\t'f, umih ifnall^'r than lb** larg^* nia***e« of chalrrji'ite ore which now form 
tliir um\t' niipi^/rf of t\ti* «'anj|i. 

At Mel/'ttif Ibi^ Miannon mini? ''ontain** Mrvi^ral on* lKi^lif*s of similar origin. 
A fragMM'nf of iSa*, VtiUur/Aiu: mt'tu^n onri'ro|M /m Shannon Mountain, and is cut by 
an i'Xf4'fit«iv4^ ns^U'Mx of [Kirpliyry diken. nbi/rh in th«* lower [mrt of the mountain 
join till? main fmri of a larg** inlnn»iv«* \uH\y (ft |>orphyrv- In si'veral horizons 
thi^ liniiMloni**! are gri'atly Hlt<M'e#l, the final pnKliK't generally iK.'ing copf)er car- 
iHrnaten afi/l limoniU*, with MOine «|uart/, fn mttnt; pla^-en the ore ^xKlies are less 
affe^titfl by #ixidaliori, and t\w\r original chanyter of gannft. epidote, magnetite, 
and Mul|)liid<^H may )n* plainly H4'en. 

())itidaiioM by Murfaei* wab*rN, as at the Shannon mine, alno diffused much copper 
aM <!lialroril<* in nomi^ of the fNirphyry, diken, and the de|Kmit in the Metcalf mino. 
oii a lowiM' npur of tin*. Ham<* hill, funiHiHlx rhiefly of a Inxly of extremely decom- 
poH4<d |H>rpliyry conlainiiig chah^oeite, and earlH)mite,M. Very probably this copper 
luiM migral/(*d int4i the deeom|NiHing |HU*phyry from lK>dieH of ronta<'t-metamorphie 
r<N'k at higher elevation, partn of which are prolial)ly now ennled. 

FiMHurv tu'/nti. At many plaec^H in the dintrict the (*opp(M' deposits consist 
of llNNure veiiiH, euttiiig alike iK)rphyry, graniUs and sedimentary rocks. From 
Uie available evidence it would Neem tliat these veins had been formed a shoit 
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time after the consolidation of porphyr}'. In lower levels the veinH consist of 
pyrit^\ ehalcopyrite, and zinc blende— niapfnetite being conspicuously abf^ent. . At 
the surface many of the veins have been completely leached, and now show 
nothing but limonite and siliciiied jx)rphvr3\ This rule is, however, not a general 
one, as, esp(*cialh' in porphyry, oxidized ores are sometimes found in the out- 
crops of the deposits. Between the leached croppings and the deep ores of 
pyrite and chalcopyrit(» is a more or less extensive zone of chalcocite or copper 
glance, deposited hy secondary processes on the pyrite. . 

The most imporUmt vein system is that which, under the geneml name of 
the Humboldt vein, extends from northeast to southwest through Copper Moun- 
tain at Morenci. The outcrops of this vein are practically barren, but at the 
depth of about :2(M) feet the deposit becomes productive and c()ntains chalcocite, 
associated with pyrite. There are usually one or more central seams of massive 
chalcocite, some of which are fairly persistent. These seams arc ordinarily 
adjoined by decomposed porphyry, now chiefly consisting of sericitc and quarts, 
together with pyrite and chjilcocite. These extensive impregnations of the coun- 
try rock are I'arely confined by distinct walls, but gradually fade into the sur- 
rounding porphyr}'. That these deposits are geneticall}' connected with fissure 
veins, however, can not be doubted. In lower levels the ore is apt to change 
to pyrite and chalcopyrite. Both the Arizona Copi)er Company and the Detroit 
Copper Company are now working the low-grade l)odies of chalcocite ore accom- 
panying the veins. The reserves thus far opened assure a high production for 
manv vears to come. 

Parallel veins, somewhat narrower, but similar in character, are those opened 
by the Arizona Central mine, also at Morenci. These veins are partly in porphyry, 
parti}' in con tact -metamorphosed limestone. While malachite and azuritt* some- 
times occur, they are by no means as prominent as in the limestone deposits, and 
frequently the leached surface zone is immediately adjoined by the chalcocite ore. 

The Coronado mine represents a ditt'erent type of deposits. It is formed on 
a fault fissure between granite and (juartzitc, indicating a throw of at least 1,00(» 
feet. The fissui*e is followed in places by a diabase dike, showing some etfect of 
crushing and movement on the vein. The croppings contain copper carbonates 
and silicate, but these niinerals change at slight depth to chalcocite, and still 
farther down it is believed that the ore bodies consist chiefly of pyrite and 
rhalcopyrite. 

Somewhat different again are the fissure veins on Markeen and Copper King 
mountains. The gnmite of this complex of hills is cut by a great number of por- 
ph\n*y dikes which generally have a northeasterly direction. Along many of these 
dikes movement and fissuring has taken place, and varying amounts of copper 
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I ores have been encountered. The veins contain comparatively little gangue, the 

copper minerals being chiefl}' distributed through the altered porphyr}' or through 
the granite adjoining the dike. At the surface a small amount of carbonates may 
be found, but they change at slight depth, sometimes only a few feet from the 
surface, into an ore composed of chalcoeite and pyrite, which still farther down 
apjxMir to change into pyrite and chalcopyrite. The most prominent deposit on 
this system of veins is the Copper King mine, which is situated onl}' a few 

* hundred feet below the summit of the mountain of the same name. 

The main mass of porphyry between Morenci and Metcalf shows evidence of 
very strong minenilization throughout. A great number of fissure veins have 
been encountered in it, although most of them are neither j^ersistent nor strong. 
Close to the surface the ores are apt to spread through a considerable mass of 
rock, and in some eases important bodies of chalcoeite, due to secondary depo- 
sition on pyrite from solutions containing copper, have resulted. The granite 
adjoining this porphyry is sometimes also thoroughl}* altered and impregnated 
with pyrite and chalcopyrite. This may be seen in the narrow canvons of Chase 
Creek for a mile above Longfellow incline. While a number of more or less 
well-deiined veins have been opened here, the results have not been encouraging. 
Several smaller deposits of oxidized copper ores are found near Garfield Gulch 
and along Placer Creek. 

Qmditions of (jroinul \r>ater. — Permanent water has not thus far been encoun- 
tered in an}' of the mines in the whole district with which this report deals. 
Morenci is situated on the hills from 800 to 1,500 feet above the principal streams, 
Chase Creek and Eagle Creek, and the deepest workings in no place reach farther 
than 600 feet below the surface. The mines at Metcalf are situated on Shannon 
Mountain, from 500 to 1,200 feet above Chase Creek, and here, too, the workings 
are dry, except in one place, where a winze struck some standing water. The 
few shafts and prospects sunk in the bottom of Chase Creek are the only places 

A * containing permanent water. 

i| The present stand of the water level, except aloiig the creeks, is practically 

I" 

unknown. It probabl}' rises as a slightl}' curved surface from the creek levels 
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in toward the high hills. The total amount of water stored below this water 
level is probably small. 

Depth of oxidized zone. — The presence of products of direct or indirect oxida- 

I* tion shows the depth to which the oxidizing waters or the sulphate solutions have 

penetrated: but this depth differs considerably in the porph^-ry and in the meta- 
morphosed limestones. In that part of Copper Mountain which has been explored, 
the avemge depth below the surface of the lower limit of the chalcoeite zone 

:{j is from 400 to 600 feet. To this depth from the surface the sulphate solutions 
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descended, and along important fissures they may have gone somewhat farther. 
The solutions not only followed fissures, but penetrated the porous, sericitized 
porphyry with considerable ease. On the other hand, the altered limestones and 
shales are very compact, nonporous, and impervious. Where circulation was 
facilitated by fissures, the rocks may )>e partly oxidized to a depth of 4()0 feet, 
but this is generally a maximum. There is no well-defined plane expressing the 
depth of oxidation. On the contrary, oxidation proceeds capriciously, entirely 
fresh sulphides being frequently found very close to the surface. 

Summary of ore g*mexts, — It has been shown that the intrusions of stocks 
and dikes of granite-jwrphyry and cjuartz-monzonite-poi'phyrv, which took place 
in late Cretaceous or early Tertiary time, produced an important contact meta- 
morphism in shales and limestones of Paleozoic age which happened to adjoin 
them. This metamorphism resulted in metasomatic d(»velopment of garnet, 
epidote, diopside, and other silicates, accomjmnied ))y pyrite, magnetite, chalco- 
pyrite, and zinc blende. The sulphides are not later introductions, but contem- 
poraneous with the other contact minerals. 

The contact zone has received verv substantial additions of oxides of iron, 
silica, sulphur, copper, and zinc, enough to form good-sized deposits of pure mag- 
netite and low-grade deposits of chalcopyrite and zinc blende, all of which are 
entirely unknown in the sedimentary series away from the po.rphyry. 

In view of the evidence, it appears impossible that circulating atmospheric 
waters have effected these changes. The occurrences of metamorphosed rocks are 
manifold and found under many varying conditions; there is only one common 
factor, and that is the presence of the porphyry. It is shown that the poq^hyry 
magma contained much water which held in solution various salts; among these 
were salts of some of the heavy metals. Sodic chloride and ferric oxide probably 
predominated. It is believed that the magma contained all of the substances men- 
tioned above, and that large quantities of this gaseous solution (for the critical 
temperature must have been exceeded) dissolved in the magma were suddenly 
released l)y diminution of pressure as the magma reached higher levels and forced 
through the adjoining sedimentary beds, the purest and coarsely granular lime- 
stones suffering the most far-reaching altei-ation and receiving the greatest addi- 
tions of subvStance. It is thus held that a direct transfer of material from cooling 
magma to adjacent sediments took place. The formation of garnet indicates large 
gains of ferric oxide and silica. 

It is shown that fissures and extensive shattering developed both in porphyry 
and altered sediments after the congealing of the magma, and that these fissures 
and seams were cemented bv quartz, pyrite, chalcopyrite, and zinc blende, forming 
normal veins of the type of replacement veins. The amount of copper contained 
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ill thftHii in uHually vory Hinall. Tho Imlk of th3 vein** oonBists of pyrite. Two 
rliiHHOH of vritiH may Ik' cliHtinfifuiHhod. Tlw usual type is practi<*ally always eon- 
i)iM*t4Hl with jfmnit«-iK)rpliyry or i|uartz-inonzonite-porphyry recurring in this 
r<M'k or along <likeK of the ^4alne. The HUiaHer diviNion connists of those connected 
in their (K'currenee witli diahami dikes. The genesis of the former type will 
Hrst be discussecl. 

Ah far as the metnllic minerals are concerned there is a striking similarity 
between the veins connecte<l with porphyry and the contact-metamoiphic deposits. 
A relationship is also clearly seen in the remarkable a(*tion of the vein solutions 
on the adjoining wall rock wherever this is limestone — tremolite and diopside 
being formtMl in it by replacement. On the whole, iron and silica are the main 
substances added during contact metamorphism as well as during the vein 
formation. 

A study of the lluid inclusions in ihi» vein (piarty. indicates that the veins 
were formed by aqueous solutions and that these solutions were at a high tem- 
pemtuiv, for they contained various salts, in jmrt thosi* of heavy metals, esiyc- 
cially iron, which have seimmted during i\\v cooling of the crystallized quartz. 
This entiivly eliminates the |M)ssibility of deiM>sition by cold surface waters, and 
points to two or thive eventualities: deposition (1) by atmospheric waters heated 
by contact with the cooling porphyry, or (2) by ascending niagmatic waters, or 
(H) by a mixture of bi>th. In any chm^ the metals nuist Ih» derived from the 
|K)rphyry or from deep-seated sources Ih^1i>w the |)orphyry, for the presence of 
|H>rphyry is the only common factor in all occiu*rences. It seems i-easonably 
<»iutain that pjirts of the miiuM-al st»lutions were dirtvtly derived fnmi and 
formed jmrt of the porphyry magma, and piH)lmbly they were entii-ely derived 
fiMm this souive. It seems likely that tht» tissuring which t(H)k place after the 
ccH)Ung o|Hmed vents of escaiH> for nuigmatic waters uniler heavy pn\ssun» at 
lower levels, and that they ascend^nl in these tissures, de(H>siting the heavy 
metals and the silica anil acquiring at the same time carlH)n dioxide frv>m the 
sediments which they tni veiled. 

It remained for the surface waters, as erosion gnulually exinwed the dejHKsits, 
to alter and enrich them in manifold forms. 

Some of the deiH>sits, esinvially the fissure veins, were laiil Uire l>y eiH>sion 
and attackiHl by surface waters at an early date, probably befoiv the princi|ml 
faulting uu>vement, and certainly U^fore the eruption of the Tertiary basjilis and 
rhyolites. Oxidation has thus acttnl on them for a vers long \x^vUkI 

The irn^gidar and tabular deiHKsils in lime>^tone and shale have obiaintnl their 
pivsent form, v^artly by dirtvt oxidatu»n anil i>artly by the iutlueiice o( sulphate 
solutions deriveii from the disstMuinatinl chaliH>pyrite due ti» ii^ntact metanu»rphism; 
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a great enrichment has taken place, due to decrease of volume and addition of 
copper from the circulating sulphate solutions. Some of the oxidized deposits in 
shale, however, may be wlioUy due to the precipitating power exerfed by the 
kaolin in the shale on these sulphate solutions. 

In the veins the history is njore complicated. It has been shown that oxida- 
tion dates back to Tertiarv time, and that the water level then was considerablv 
higher than it is at the present time. By action of descending sulphate solutions 
on pyrite, chalcocite was deposited very extensively, and very likely the great 
vertical extent of the* chalcocite zone, ordinarilv from 200 to 500 feet, is due to 
slow^ and gradual changes in the water level. DisintegniHon and erosion removed 
the iron cap (the product of direct oxidation of the primary vein) and began to 
oxidize the exposed chalcocite zone. In practically all of the veins the surface 
zone of poor ore is due to the direct oxidation of chalcocite. The solutions from 
this part descend and add richness to the upper pait of the remaining chalcocite 
zone. But at the present low stand of the water level and the exceedingly dry 
(*limate the lower limit of the chalcocite zone is probably almost stationary. 
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THE COPPER DEPOSITS OF THE CLIFTON-MORExXCI DISTRICT, 

ARIZONA. 



By Waldemar Lindgrkn. 



CHAPTER I. 

IXTRODUCTIOX. 

FIEIiD WORK. 

The three most important copper districts of Arizona are located near Bisl>ee, 
Jerome, and Clifton, respectively. 

Jerome is situated almost in the center of the Territory, near the head of 

ft 

Verde River. Bisbee and Clifton are both in the southeastern part of the Terri- 
tory, the former near the Mexican boundary line at the southern end of the Mule 
Pass Mountains, while Clifton lies 120 miles farther north, near the New Mexican 
line on San Francisco River and not far from Gila River. At Bisbee the Copper 
Queen mine is the chief producer; at Jerome, the United Verde; in the Clifton 
district there are several important mines, located at Morenci and at Metcalf. 

In 1898 Mr. S. F. Emmons, in charge of the investigation of metalliferous 
deposits of the Geological Survej', visited Clifton and formulated plans for future 
investigation. His general supervision and many helpful suggestions have greatly 
facilitated the successive stages of the work. 

In 190(V1901 the topographical surveys were made by Mr. Jeremiah Ahern, 
Mr. E. M. Douglas being geographer in charge. The maps comprise a quadrangle 
with sides of 15 minutes, or about 15 by 17 miles, on the scale of 1 to 62,500, 
and smaller maps, embracing the country in the immediate vicinity of Morenci 
and Metcalf, on the scale of 1 to 1,200. The two latter, as well as the econom- 
ically important part of the large quadrangle map, are reproduced in this report. 

In 1901 I was detailed to take up the geological work. The field work 
occupied the time from the end of October, 1901, to the beginning of May, 1902; 
during the larger part of this time I was most efficiently assisted by Mr. J. M. 
Boutwell. The office work was completed during the winter of 1902-3. 

27 
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For paleontolopcal determinations I am indebted to Messrs. (ieorjfe H. 
Girty, E. O. Ulricb, T. W. Stanton, and Prof. H. S. Williams; and for many 
chemi<«l analyscH and determinations to the careful and thorouKh work of Dr. 




W. V. Hilleln-aiid. I iiiii under tfroat obligations to all mining men with whom 
I came into contact in tlie district for many courtesies extended, and especially 
for tlieir cordial invitation, without reserve, to visit and examine their mines in 
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detail and for permission to record their experiences concerning the mineral 
deposits. Particularly do I desire to express m}' thanks to Dr. James Douglas, 
as well as to Messrs. C. E. Mills, Gordon McLean, and Milton McLean, of the 
Detroit Copper Company; to Messrs. James Colciuhoun, Paul Nicholas, and 
Alexander Mcl^ean, of the Arizona Copper Company; and to Messrs. Wiseman 
and W. T. Climo, of the Shannon Copper Company. 

GEXERATj tofography. 

The traveler bound for Clifton leaves the Southern Pacific Kailroad at Lords- 
burg, N. Mex. The scener\' at this point is characteristically New Mexican. The 
wide, almost level plains, which have an elevation of about 4,200 feet above the 
sea, are covered with scant grass and diversified b}- groups of yuccas. Low 
ranges of mountains appear on the horizon in several directions. The drainage is 
not well defined; parts of this area are probably closed basins, while others may 
have underground drainage connections with Mimbres River, which itself empties 
into a closed basin. The railroad from Lordsbui*g to Clifton continues over these 
plains for some 30 miles in a north-northwesterly direction, and then gradually 
descends to the level of Gila River, which here, near the New Mexico line, flows 
at an elevation of about 3,200 feet. Along the descent the plateau, evidently com- 
posed of heavy detrital masses, becomes extensively dissected by a network of little 
gullies, producing a kind of miniature badland scenery. Farther on, the Arizona 
and New Mexico line is crossed and the road enters the open, alluvial Duncan 
Valle}' on Gila River. This valley, which is several miles broad and long, is a 
prosperous agricultural section in which alfalfa and grain are raised. Below 
Duncan the road follows Gila River for 25 miles. The bottom lands become more 
narrow, and are l)ordered by low bluffs of basaltic rocks. Big cotton wood trees 
line the banks of the river, which ordinarilv does not contain verv much water, a 
large quantity being taken out for the purpose of irrigation above Duncan. At 
Guthrie the railroad crosses over to the north side of the river and continues over 
the gradually rising terraces of detrital material which occupy the countr>^ between 
San Francisco and Gila rivers. After a few miles the road begins to descend 
toward San Francisco River, and continues along the base of the steep bluffs of 
consolidated gravels which here line the stream, until finally, 4 or 5 miles farther 
north, it reaches the town of Clifton, picturesquely situated along the narrow 
bottom lands, and shut in by high hills of granite, basalt, and rhyolite. 

C^L.I3IATE. 

Like the other parts of southeastern Arizona, the Clifton district has an 
exceedingly arid climate, clearly enough evident in the absence or scantiness of 
vegetation. The rainfall, which naturally varies according to elevation, but 
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Bcarceh' exceeds 10 inches per annum in the lower parts of the region, is ehieflj' 
distributed over two wet seasons, one occurring in the late fall or during the 
winter, and the other during the late summer months — •luly and August. In 
the lower part of the district, at elevations from 3,0(H) to 4,(K)() feet, snow 
seldom falls and never remains on the ground for more than a very short time. 
On the higher ridges, above 5,000 and ♦),000 feet — such as, for instance, at 
the head of Chase Creek — the snow may reach a depth of a foot or two and 
may remain for several weeks at a time. The summer rains are characteristic of 
the southern part of Arizona, and are important l>ecause they rapidly start the 
grass to a luxuriant growth. 

Except for a few desert bushes the lower foothills are practically barren. 
In many places, however, grows the thorny long-stemmed bush known as Fon- 
qulera f<plendens^ whose bare stems are covered with brilliant scarlet flowers 
during the spring months. Up to elevations of t),000 feet the ridges generally 
support no arlx)real growth, although a number of species of agave and yucca 
are found on' them. Alx)ve elevations of 6,000 feet, in sheltered locations, 
stunted trees of juniper and cedar are fairly common, and are extensively used 
as firewood. In certain places yellow pines also occur, and these may in some 
cases even be suitable for lumber. A growth of manzanita bushes and stunted 
oak is also found on the higher slopes. Large cottonwood trees grow along San 
Francisco River and Eagle Creek, and fairly large live oaks occupy the broad 
washes in some parts of the region. 

lilTERATURE. 

The following- list embraces the important publications in which are found 
direct references to the geology and mining industry of Clifton: 

Raymond, R. W. Mineral resources west of the Roi'ky Mountains: Rei)ort of Mining Commissioner, 
7 volumes, 1870-1876. 
Contains many valuable data as to early mining in the district. 
Gilbert, G. K. Report on the geology of portions of Nevada, Utah, California, and Arizona, 
examined in the years 1871 and 1872: U. S. Geog. Surv. West One-Hundredth Meridian, vol. 
3, Geology, 1875, pp. 21-187, 507-567. 

Describes relation of basin ranges to the plateau region of Nevada and Utah. Characterizes 

basin-range structure. Distinguishes three natural divisions in Arizona — the range region, the 

volcanic region, and the plateau region. Describes in general the geology and stnicture of 

each region in southeastern Arizona. Names, describes, and discusses the Gila conglomerate. 

HiNTON, R. J. Handbook to Arizona. San Francisco, 1878. 

Contains historical data in regard to early mines and development. 
Douglas, James. Clifton copper mines of Arizona: Eng. and Min. Jour., Feb. 21, 1880. 
Hamilton, Patrick. Resources of Arizona. 3d ed., San Francisco, 1884. 

An account of mines and mining containing much historical information. 
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Wendt, Arthur F. Copj>er ores of the Southweet: Trans. Am. Inst. Min. Eng., vol. 15, 1887, 

pp. 25-77. 
This paper contains the first geolojrical description of the I^»ngfellow, C'orona<lo, ami Metcalf 

mines, and many imix)rtant liistorical <lata regarding mining and smelting. 
Henrich, C. Copi>er ore dei>ositH near Morenci, Ariz.: Eng. and Min. Jour., Mar. 2t>, 1887, pp. 

202-219. 
This brief pai)er contains valuable statements as to the geological wcurrtMice <»f the ort»s at 

Morenci, but does not mention the occurrences near Metcalf. 
DoniLAS, James. Copper resources of the United States: Trans. Am. Inst. Min. Eng., vol. 19, 

1891, p. 689. 
Douglas, James. Historical sketch of copi.Kir mining in the Unite<l States: Mineral Industry, vol. 

4, 1895, pp. 269-2S6. 
Douglas, James. Copi>er industry <)f Arizona: Mineral Industry, vol. 6, 1897, pp. 227-232. 
Blake, W. P. Mining in Arizona: Rt^port of the Governor <»f Ariz<ina to the Secretary of the 

Interior, 1899, pp. 4.V109. 
Emmons, S. F. Secondary enrichment of ore dei>osits: Trans. Am. Inst. Min. Eng., vol. ;^, 1901, 

pp. 177-217. 
Contains brief account of the occurrences of copper ores in the Clifton district. 

Pn the Transactions of the Instituti? of Mining Engineers for 18S7, Arthur F. 
Wendt published a paper on Copi^er Ores of the South, giving for the first time 
an account of the geological and technical conditions of the copper industries at 
' Clifton and other points. The paper contains much valuable material, although 
the true significance of the geological phenomena is not always fully appreciated 
or rightly interpreted. The figures which accompany the paper, and which have 
been wideh' copied, partake more of the nature of rough sketches than of actual 
representation to scale. 

Wendt divides the ores into those occurring in limestone, porphyry, and 
granite. The Longfellow mine is described in some detail and considered as a 
fissure vein, the author evidently using this term in a very wide sense. Many 
valuable analyses of ores are given. Metcalf is described as a "'stockwerk'- in 
porphj-ry. The Coronado vein is also described, and statements are made showing 
that the tenor of the ores in general diminishes rapidly as depth is attained, the 
rich copper ores giving way to poor pyrite and chalcopyrite. 

A short paper was published in the Engineering and Mining Journal, March 26 
and April 2, 1887, by Carl Henrich, in which the deposits at Morenci are described. 
This paper contains much of interest and some very valuable generalizations. 
Again, some of the geological features are not correctly interpreted, but on the 
whole the paper is the test description of the deposits and their probable genesis 
which has thus far appeared. Henrich divides the deposits into three groups: 

(1) Contact deposits, containing malachite, azurite, and cuprite ores. These 
occur on the contact of limestone and porphyry, and are sometimes entirely included 
in decomposed porphyry near the contact. 
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(2) Deposits in limestone. These are similar to the first group. Wherever 
these ore bodies have been worked out an ore channel has been found connecting 
them with the contact zones. 

(3) Deposits in porphyry. These consist of sheets and pockets in kaolinized 
porphyry. Near the surface in these deposits pockets of malachite have been 
found, some carrying large amounts of rich ore. In other places the ore bodies 
resemble, and may be culled, fissure veins, as the ore doubtless fills fissures in 
porphyry; still Henrich would not consider them as normal fissure veins. No 
ore connections have thus far l>een traced between the different deposits, and it 
is not believed that any such connection exists. The gangue of the ores is 
nearly free from iron, containing only 1 or 2 per cent of that metal. The main 
gangue is kaolinized porphyry with a high percentage of alumina. The probable 
genesis is indicated as follows: 

Through the sedimentary rocks an immense dike of porphyry broke, tearing 
the edges of the huge fissure. This outpour of porphyry probably brought with 
it the iron and copper in the form of copper glance, pyrite, and chalcopyrite. 
At the cooling of the porphyry, which must have been extremely slow, the 
disseminated sulphides probably concentintod and finally were deposited in the 
fissures and pockets of the porphyry formed by the cooling of the mass. 
The original deposit of copper as copper glance is asserted. 

When the cooling was completed a period of leaching began, carrying the 
sulphates in solution. Probably at that time the climate w^as more moist than 
now. Henrich further believed that the contact and limestone deposits were of 
secondary origin, derived by the oxidizing action of atmospheric conditions on 
pyrite. He also expressed the conviction, fully borne out by subsequent develop- 
ments, that the deposits of copper glance would yet contribute the largest amount 
of ore to the total production of the district. 

HISTORY OF THE DISTRICT. 



Like other mining districts of the Southwest, Clifton-Morenci has an interesting 
<\ history. The earlier part, comprising the times of discovery and earl\' develop- 

ment, teems with stirring episodes of frontier life at places far distant from lines 
of communication, where the pioneers were exposed under a burning southern 
sun to many privations and to dangers from hostile Apaches and from the 
lawless element for whom the boundary region between the United States and 
Mexico seemed to possess great attraction. These unfavorable conditions, however, 
produced a courageous self-reliance, no doubt contributing to the later and mpid 
advancement of the country. The second period, really beginning with the 
construction of the Southern Pacific Railroad, has been one of great and successful 
industrial development, which finally has resulted in placing the district in the 
f first rank of the copper producers of this continent. 
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A prospecting party from Silver City, N. Mex., discovered the mines in the 
vicinity of Clifton, in August, 1872, and the first mining district was organized 
under the name of Copper Mountain district. At that time there were only 18 
or 20 men in the district; among them were Messrs. I. Stevens, Bob Metcalf, and 
Golden. Among tha claims located at that date are mentioned the following: 
Arizona Central, Copper Mountain, Montezuma, and Yankie. A few days later 
the Longfellow mine and various claims at Metcalf were located. 

At that time the conditions were not encouraging. The nearest railroad 
station was La Junta, Colo., 700 miles distant. No wagon road was as yet built; 
provisions and supplies were very high, and the communications frequently 
interrupted by bands of Apaches, ever on the alert to waylay the prospectors and 
teamsters. Indian raids continued at intervals, rendering the country unsafe till 
about 1885. On one occasion, in 1882, a number of miners were killed on Gold 
Creek, and the Indians even attacked the town of Morenci. 

An interest in the mines was transferred by Metcalf to Lezinsky Brothers, of 
Las Cruces, N. Mex., who soon afterwards acquired nearly full ownership of the 
most important groups. In 1873 an adobe furnace was erected at Longfellow 
mine with a capacity of 1 ton a day, the blast being derived from bellows worked 
by hand. Next year the first water-jacket furnaces were built on San Francisco 
River near Clifton, copper plates first being employed instead of steel jackets. 
Reverberatory furnaces were not a success on account of the very basic ores and 
difllculty in obtaining fire bricks of good quality. 

In 1879 the so-called baby-gage (20-inch) railroad was built by Lezinsky 
Brothers, connecting Metcalf and Clifton. Wendt states that the output of the 
Longfellow mine then was 40 tons a day of 20 per cent ore, the cost of mining 
being $10 per ton. Operations on a larger scale became possible when the 
Southern Pacific Railroad was completed in 1881, and all expenses of mining and 
smelting became considerably lessened. In 1884 new reduction works were built 
at Clifton, with three furnaces of 60 tons, and two of 30 tons, capacity. A 
narrow-gage branch line was also built, connecting Clifton with Lordshurg on 
the main Southern Pacific line. Prospecting for gold became more active both 
in the Gold Creek drainage basin and in the Greenlee district a few miles due 
north of (ylifton. River gravels bearing gold were worked at Oroville, 3 miles 
above Clifton. Silver deposits were opened at Granville, 12 miles north-northwest 
of Clifton. But these attempts at gold and silver mining did not prove very 
successful, and copper remained the mainstay of the camp. 

In the meanwhile the Detroit Copper Company had developed its mines at 
Morenci with much success. At first the ores were smelted on San Francisco 
River a few miles below Clifton. In 1884 the location of the smelter was changed 
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to Morenci, supplies being hauled by the Arizona and New Mexico Railroad to 
Longfellow, and thence up a 2,200-foot incline to the smelter level. From this 
time the production and the importance of the camp increased steadily. In 1893 
the leaching treatment with sulphuric acid was introduced for the Metcalf ores. 
The two oldest companies have all along pursued the policy of extending their 
holdings and purchasing all promising claims. Many other companies conducted 
prospecting opemtions, but none of them, except the Shannon, have worked their 
properties on a large scale. About 1893 the great low-grade sulphide bodies of 
Copper Mountain at Morenci were discovered, and this effected wide-reaching 
changes. {Extensive concentration plants were built and the small cupolas were 
replaced by great rectangular shaft furnaces with a capacity of up to 300 tons of 
charge per twenty-four hours. Great pumping plants were erected which elevated 
water from San Francisco River and Eagle Creek to Morenci. 

In 1901 the Detroit Company completed a narrow-gage railroad from Guthrie, 
on Gila River, on the Arizona and New Mexico Railroad, to Morenci. The pro- 
duction of copper increased steadily, and in 1901 attained 38,000,000 pounds. At 
the present time Clifton is a thriving town, with a population numbering several 
thousand. The smelting works of the Arizona Copper Company and of the 
Shannon Copper Company are located there. Metcalf is a smaller town, with a 
population of about 1,000. Morenci, high up on the hills west of Chase ClJreek, 

and some 4 miles north-northwest of Clifton, has a population of about 5,000. 
At all places the labor is largely Mexican. The wages of American miners 
average $3, those of Mexicans $2.25 and $2.50, while common labor is paid from 
<51 to J2 a day. 

The future of the camps is assured for many years, for the low-grade ore 
bodies, which are now the principal mainstay, are of very large extent, and the 
production bids fair to keep up at least the present rate for some time to come. 

At the present time there are three large corporations possessing extensive 
mines and smelting works. Besides these a few smaller companies are developing 
claims and occasionally shipping ore. The large companies are the Arizona Copper 
Company, the Detroit Copper Company, and the Shannon Consolidated Copper 
Company. Among the smaller properties the New England Mining Company, the 
Clifton Consolidated Copper Company, the Standard Copper Company, the Markeen 
Company, and the company operating the Stevens Consolidated claims are the 
most important. 

THE DETROIT COPPER COI^IPANY. 

HISTORY. 

The Detroit Copper Company was organized thirty years ago by Captain 
Ward. It began smelting the rich ore from its Morenci claims about 1882, 
the smelter being located 6 miles south -southeast of Morenci on San Francisco 
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River. In 1884 the location of the smelter was changed to Morenci, where it 
has since remained. The holdings of the company and the plant have been 
steadily increased, especially since the discovery, in 1893, of the large low-grade 
bodies of Copper Mountain. About ten years ago the holdings and plant of the 
company were transferred to Dodge, Phelps & Conipan}^ of New York, who 
have since continued the enterprise under the old name. 

LOCATION OF MINES AND SMELTER. 

The principal mines of the Detroit Copper Company, as well as the smelter, 
are located at Morenci. Besides the principal producing claims near the town, 
the company owns a number of prospects in the Gold Creek drainage, and also 
many partly developed claims between Morenci and Metcalf. Morenci is connected 
with the Arizona and New Mexico Railroad at Guthrie by a narrow-gage bianch 
line. This railroad crosses ' Gila River near Guthrie, and extends across the 
rolling foothills of Gila Valley to San Fiancisco River, which is crossed 8 miles 
below Clifton. Thence the grade steadih' ascends over the gmvel hills to the 
mouth of Morenci Canyon, 1 mile below the town, and reaches Morenci b}^ a series 
of four loops, ascending about 600 feet in that distance. 

THE MINES. 

The mining operations of the Detroit Copper Company are at present largely 
conducted in the great low-grade ore bodies underlying Copper Mountain. The 
removal of these necessitates overhand stoping with square sets, the stopes being 
afterwards tilled as far as possible. The three principal mines owned by the 
company are (1) the Arizona Central, situated in the western part of Morenci and 
developed by a 300-foot shaft; (2) the Copper Mountain, situated in the middle of 
the town and developed by means of tunnels, and (3) the West Yankie, situated 
about one-half mile east of the town, the shaft being sunk to a depth of 200 feet. 
From this last mine large ore bodies under Copper Mountain are extmcted. It 
also handles the largest tonnage. Besides these there are a number of smaller 
mines contributing certain amounts of ore. Among these may be mentioned the 
East Yankie, the Montezuma, and the Manganese Blue. In the mining operations 
as conducted here the timbering is the most expensive item after labor, which, 
of course, always comes first. The Detroit Copper Company draws its supply of 
timber from California or Oregon. The cost of mining probably varies between 
$1.50 and ^2 a ton. The ore extracted from the mines is roughly sorted into 
smelting ore, which may be said to comprise everything containing above 8 per 
cent of copper, and concentrating ore, which consists of decomposed porphyry 
with finely disseminated pyrite and chalcocite. The ores ma}' further be divided 
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into oxidized ores, which contain cuprite, malai^hite, and azurite, and sulphide 
ores, which lar^ly consist of a mixture of pyrite and chalcocite. The oxidized 
ores amount at present to only a small and diminishing part of the total output, 
and are principally produced from the Montezuma and the Manganese Blue mines. 

ORE PRODUCTION. 

The daily output from the mines of the Detroit Copper Company during the 
first four months of 1902 averaged as follows: 

Daily output of copper ore, in tons, from mines of Detroit Copper Company. 

[First four months of 1902J 



Mine. 



Smeiang i Concentrat- 1 v*im«»«t« 
ore. Ing ore. ' magnetite. 



Ryereon mine | 90. 80 

Arizona Central mine i 28. 75 

Copper Mountain mine 11. 12 

Total ' 128.67 



211.33 
65.80 
53.60 



15.33 



330. 73 



15.33 



At the time of this production the relative output of the three mines men- 
tioned was as 5 to 3 to 3, respectively, in the above order. Since then the E^t 
Yankie mine has acquired an importance equal to that of the Arizona Central 
and the Copper Mountain, owing to discoveries of large bodies of concentrating 
ore. 

CONCENTRATING. 

The larger part of the ore requires, as stated above, concentration before it 
can be smelted. It is diflBcult to say what the exact tenor of the concentrating 
ore amounts to. It probably varies between 3 and 5 per cent of copper. The 
concentrator is located near the West Yankie shaft, about half a mile east of 
Morenci, and is connected with the various mines by means of railroads. The 
principal tonnage, as stated before, is hoisted close to the concentrator. The 
capacity of the plant, which is considered a model of its kind, is from 12,000 to 
14,000 tons a month, or from 400 to 466 tons a day. I^atest advices in 1904 
indicate the intention of the company to double the capacity of this plant. The 
water used for the concentrator is pumped from San Francisco River, the pumping 
station being located close to the railroad bridge, 8 miles below Clifton. The 
amount used is 150 gallons a minute of fresh water, but there are a number of 
settling tanks by means of which it is endeavored to prevent waste as far as 
possible. Four hundred gallons are allowed per ton of ore. The water is 
pumped against a head of 1,600 feet. The power driving the concentrator is 
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derived from three gas engines of 100 horsepower each, the gas needed being 
produced in a plant of two Ix)oinis generators, fed by bituminous coal. This 
plant, which is located some distance from the concentrator, has a capacity of 
2,0<X),000 cubic feet a day, and also furnishes motive power for several dynamos 
and for two gas engines of 200 horsepower each, which are needed in the smelter 
for blowers, pumps, etc. 

The general plan of treatment in the concentrator is as follows: 



Coarse 



Ore bins 

2 pnnched sheet-iron screens. 

1} inches — | inch 



Conveyor belt 

(Hand sorted) 

(Over 200 tons per month of high- 
grade ore) 



3 crushers 
to i inch 



Below f inch; 
rich; 8 per cent (to smelter) 



Trommel 
( inch holes 



Rolls 




Rough jigs 



finch 



Trommel 
i inch i inch Hydraulic sizer 



Concentrates 



Tailings 




Overflow. 



Settling tanks 
and vanners. 



Concentrates 



Overflow 




High 8i>ee<l rolln 




Bryan Mills 



Hydraulic sizers and Spitzkasten 



Coarsest 



3 slime jigs 

3 Bartlett tables 



Other sizes 

I 

24 vanners 



Overflow 
lickeni] 



To pulp thickening tanks 
and vanners 




Concentrates 



Tailings. 
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SlfELTINO. 

The smelter of the Detroit Copper Company is situated immediately below 
the town, at a conveniently lower elevation than the minen and the concentrator. 
It consists of 4 blast furnaces with forehearths and 18 tuveres, and 1 newer furnace 
of the same size built separately from the rest. In these furnaces the ore is 
reduced to a high-grade matte, which is immediately conducted from the forehearths 
into 3 converters of the Bisbee or Leghorn type. The height of the 4 'older 
furnaces is 6 feet from the tuyeres to the charging floor, and the area at the 
tuyeres 42 inches by 12 feet. The capacity* is 130 tons of charge per twenty- 
four hours. The new furnace is similar to the old except in having a more pro- 
nounced bosh, and a height of 14 feet and 10 inches from tuyeres to charging floor. 
The capacity is also greater, amounting to 170 tons of total charge per twenty- 
four hours. 

The ores coasist of a mixture of chalcocite and pyrite and oxidized ores 
that can conveniently be smelted without preliminary roasting. Great variations 
are shown in the composition of the ores. The following analyses may serve as 
samples: 

Analyses of orfs from Detroit Copper Company's mine*, Xforenci, Ariz. 



Ryeraon mine. 



I Sorted ' Screenings from con- 
isalf^defi.: centrated ore. 



Smelting 
sulphides. 



I 



SiO, , 24.5 

Fe 20.9 

AlA 10.6 

CaO Trace. 

Mgf) Trace. 

Cu 19.9 

S '. 23.8 



45.0 

16.5 

10.0 

.5 
»> 

It. t 



49. S 

9.6 

20.1 

.3 

.5 

7.0 

11.0 



34.5 

16.4 

21.2 

.5 

Trace. 

5.8 

19.5 



Slimes 
from, con- 
centrator. 

I. 



Fine coo- 
centmtes. 



66.9 
1.4 

24.5 
4.3 



. I 



*> 1 



I • 



26.0 

23.7 

6.2 

Trai-e. 

Trace. 
16.0 
25. 



Manganese; Montezn- 
Bloe mine, ma mine. 



Carbonate, 
ore. I 



Oxide 
ore. 



44.6 

13.2 

17.7 

5. 5 

3.1 

5. 7 



34.3 
12. 4 
15. 7 

8.2 
3.3 
7. 7 



I 



There is also occasionally a little manganese and zinc in the ores, the latter 
sometimes appearing in the matte. About 45 per cent of the ore treutoil consi.sts 
of concentrates in briquetted form. The average ore and concentrntes treated 
in the smelter contain about 11 per cent of copper. 
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The matte has the following average composition: 

Average composition of matte from Detroit Copper Company's smelters. 

Per cent. 

Cu 55.6 

Fe 20.4 

S 22.6 

Pb None. 

Bi None. 

Ni None.. 

Zn 11 

Sb 02 

As 016 

Se, Te 013 

Insoluble 9 

99.659 

The flue dust has also been analyzed and is composed as follows: 

Average composition of flue dust from Detroit Copper Company's smelters. 

Per cent. 

Cu 10.2 

Fe 30.7 

AlA 14.9 

CaO 2.3 

MgO 6 

Ni None. 

Zn 35 

Pb 3 

As 025 

Sb 032 

Se, Te 0125 

S 5.4 

SiOj 27.6 

SO, 1.83 

C 5.94 

In the converters the copper matte is reduced to metallic copper about 99 
to 99.8 pure. From the converters it is tapped into molds forming ingots weigh- 
ing 285 pounds. 

It is an interesting fact that gold and silver are practically absent from the 
ores, only traces being present. Even in the Bessemer copper there is so little 
silver that it would not ordinarily pay for further sepamtion. 
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It will be noted that of other metals there are only minute traces of lead, 
zinc, antimony, and araenic. 

An interesting further fact is that minute quantities of selenium and tellurium 
occur in the matte as well as in the copper and in the flue dust. 

It is proposed to replace the present furnaces by new ones of far greater 
capacity. The proposed furnaces would have 40 tuyeres of 4i inches diameter 
and have an area of 42 inches by 22 feet at the tuyeres. The distance from 
tuyeres to feed floor is to be 12 feet, and the forehearth 15 feet in diameter. 
One of these furnaces was completed in 1904 and is the largest ever employed 
in copper smelting. 

The favorable composition of the ores renders no other flux but limestone 
necessary, and fortunately this material is obtained in the immediate vicinit}'. 
A large quarry has been opened at the southwest side of the smelter, only a few 
hundred feet distant. The rock quarried consists of an almost pure, rather 
crystalline limestone of lower Carboniferous age; it contains 94 per cent of 
calcic carbonate. The iron ores (magnetite and limonite) occasionally needed are 
supplied by the mines of the company-. 

Silica for converter lining is obtained from a large body of quartzite in the 
North Star. tunnel, and kaolin, which is mixed with this, is obtained in an almost 
pure state from the East Yankie mine. 

ARIZOXA COPPER COMPANY. 

HISTORY AND LOCATION. 

The Arizona Copper Company is chiefl}- controlled by Scotch capital. Its 
capitalization is $3,515,(XX), in shares of $5 par value. 

The company in 1882 purchased the holdings of Lezinsky Brothers at Long- 
fellow and at Metcalf, and since that time has steadily developed its properties 
and extended its plants, until at the present time it is the greatest producer in 
the Clifton district and one of the largest in Arizona. The propert}' was bought 
shortly before the great dis(^overies were made at Butte, Mont., at a time when 
copper brought 20 cents per pound. A railroad had to be built at great exj^ense 
from Lordsburg to the mines. All these adverse influences caused the company 
many difficulties, which, however, were gradually overcome, largely by the able 
efforts of the manager, Mr. James Colquhoun. A few years ago the company 
began pa^Mng dividends, and is now in a prosperous condition. Dividends have 
been paid from 1896 up to the present time — in all, aggregating $3,900,000. 

The principal mines of the company are lo<;ated at Morenci, or Longfellow, 
as the place was formerly c*alled, and at Metcalf, a few miles above Clifton, on 
Chase Creek. At Longfellow and Morenci the company owns a great many 
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claims curiously interlocking with those of -the Detroit Copper Company. At 
Metcalf the company owns something like 40 claims. On the hills between 
Metcalf and Morenci it also owns a number of properties, which, however, it 
does not work at the present time. The remainder of the holdings of the Arizona 
Copper Company are located on Garfield Gulch and on the headwaters of King 
Gulch. On Garfield Gulch are loirated the producing claims Mammoth and Bruns- 
wick, while on the head of King Gulch are situated the lolanthe, Dead Pine, and 
others, which have also produced considerable amounts of copper. 

The smelting works of the company' are located in the town of Clifton, at 
the junction of Chase Creek and San Francisco River. Clifton is connected with 
Lordsburg, on the main Southern Pacific line, b}' a broad-gage railroad, about 
100 miles in length. This is owned b}- the Arizona and New Mexico Railroad 
Company, which is closely connected with the Arizona Copper Company. From 
Clifton a 36-inch-gage railroad extends up Chase Creek to Morenci, from which 
it is continued to Metcalf by a 20-inch-gage railroad, originally built some thirty 
years ago by Lezinsky Brothers, the pioneer operators of the district. 

At the present time it is proposed to replace the 20-inch-gage mil road from 
Longfellow to Metcalf by a 36- inch gage. The distance to Metcalf is 6i miles 
from Clifton and to Morenci about 4 miles. 

MINING. 

The mining operations of the Arizona Copper Company are scattered over a 
considerable territory. At Morenci the company owns several mines. Two of 
these — the Longfellow and the Detroit — are working oxidized copper ores con- 
tained in limestones, and these ore bodies are nearly exhausted. The largest 
tonnage of ore at Morenci is derived from the Humboldt mine, situated in the 
center of the town. This mine is developed by means of tunnels and a 4()0-foot 
shaft. A narrow-gage railroad connects the mine with the concentrator, which 
is situated on the bluffs overhanging Chase Creek, not far from the Longfellow 
mine. From a point near the Longfellow mine an incline, descending about 8(X) 
feet in a total distance of about 2,200 feet, connects the mines and the concen- 
trator with the narrow-gage railroad running along the bottom of Chase Creek. 

The mining operations and methods of exploitation of the Arizona Copper 
Company are practically the same as those of the Detroit Copper Company, as 
both companies work under similar conditions. 

The principal mines of the Arizona Copper Company at Metcalf are situated 
on Shannon Mountain, about 500 feet above Chase Creek, on the point between 
that stream and King Gulch. The different levels of the mine are connected 
with the railroad by means of two inclines, the loiiger one descending 500 feet 
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in a horizontal distance of 1,000 feet. The mines at Metcalf are working large 
bodies of low-grade copper ores. There are some underground workings, these 
being mined in the usual way by means of square sets and filling. The larger 
part of the ore is, however, derived from open cuts, after the removal of the 
first 20 or 30 feet of barren material. Instead of the several open cuts at 
different levels now being worked, the company contemplates carrying a large 
open cut through the hill. The handling of the ore and the waste is to be 
facilitated by steam shovels and a self-acting incline, dumping the refuse in King 
Gulch. 

On the south side of King Gulch are located the King and Jameson mines, 
which again are connected with the lower Metcalf incline by means of a long 
tunnel through Shannon Mountain and another incline extending high up on the 
slope south of King Gulch. 

The narrow-gage road is extended from Metcalf about one-half mile west- 
ward up to Coronado Gulch, connecting there with an incline 3,200 feet long and 
sloping about 32^, which leads to the level of a tramway 1 mile long, which ends 
at the Coronado mine high up on the divide between San Francisco River and 
Eagle Creek. At this place the Arizona Copper Company operates the Coronado 
vein, exploiting it by means of tunnels, shafts, and one open cut. The latter is 
located about a mile from the main mine, in Horseshoe Gulch, and is connected 
with the mines by means of an aerial tramway. 

The ores from the mines on Shannon Mountain, King Hill, and at Coronado 
Gulch are transported to the smelter at Clifton by means of the system of tram- 
ways and inclines explained above. 

CONCENTRATING. 

The larger part of the ore requires concentration before it can be smelted. 
All of the mines produce a certain amount of richer ore, which is roughly sorted 
at the mine, and which goes direct to the smelter. The larger part of the 
material, however, which contains from 3 to 5 per cent of copper, must first be 
subjected to concentration. The concentrating plants of the Arizona Copper 
Compan}' are extensive, and are, roughly speaking, built in five units, each one 
capable of handling from 200 to 400 tons of ore. The concentrating ore from the 
Humboldt mine at Morenci^ is treated at the concentrator located near the Long- 
fellow mine, the capacity of which is 9,000 tons per month, or 3(X) tons per day. 
The necessary water is piped through a 4-mile line from San Francisco River, and 
pumped against a head of 1,600 feet by three gas engines, aggregating 120 hoise- 
power. From 160 to 180 gallons a minute of fresh water is used, the low 



aThe subject of concentration at Morenci was lately diHCumcd by Mr. F. H. Probert in the £ngineering and Mining 
Journal, June 29 and July 6, 1895. 
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consumption being made possible by an extensive use of settling tanks. The 
concentrator is driven by a Corliss engine, now being changed to three Crossley 
gas engines. The ore is stated to be concentrated in the proportion of approxi- 
mately 5 to 1. The scheme of the concentration is as follows: 

Ore bins 

I 

I 

Rock breaker 

(to IJ inch) 

Rough rolls 



Oversize 



Rolls 



1} incheH, 



2 Trommels by elevator 
} inch, j inch, i inch, 




8 jigs 



Slimes 



18 vanners 




Concentrates 



Overflow 



Ck)ncentrates 



Tailings 



2 Huntington mills (2 and 2} mm. screens) 



Hydraulic classifier 

I 

18 vanners 




Ck)ncentrate6 Tailings 




Huntington mill 
(1 and 1^ mm. screens) 



The remaining four sections of the concentrating plant are all located at Clifton, 
and are built on the following plan: 1 Blake crusher; 2 Cornish rolls; 2 revalving 
screens, each making 4 sizes; 8 jigs; 2 Huntington mills, No. 5; 18 Frue vanners, 
and 2 Wilfley tables for slime treatment. All tailings are treated in Huntington 
mills, each of which crushes at least 100 tons of tailings per twenty-four hours. 

The ores from Metcalf present an interesting problem, inasmuch as they 
largely consist of decomposed porphyry with malachite and a little chaleocite. It 
has been found possible to treat these ores by concentration in connection with 
lixiviation by means of sulphuric acid. The section of the concentrating plant 
devoted to this ore has a capacity of 250 tons, and is equipped with 1 crusher, 
2. coarse rolls, 2 sizing screens, and 8 jigs. There are no tables. The richest 
concentrates constitute smelting ore; the poorer gmde is transferred to the 
lixiviation process, and the tailings are considered as waste. 
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POWER. 

• 

The power plant at Clifton is ver}- extensive, and consists of about 600 
horsepower in steam engines, and about 1,200 horsepower in gas and gasoline 
engines. The concentrating and the Bessemer plants are run either directly or 
indirectly by gas engines. The necessary water is obtained from San Francisco 
River close by the works. 

SMELTING. 

The smelting plant consists of five furnaces 240 by 39 inches at tuyeres, 
having a capacity of 250 tons of charge per twenty-four hours; there are also three 
stands and nine 7.6-ton Bessemer converters. The latter plant is expected to be 
doubled in size in order to come up to the productive capacity of the furnace plant. 
From the furnaces the matte is tapped into a reverberatory which keeps it at 
an even temperature for the converters. The ores treated consist of picked 
sulphide ore and concentrates, together with a certain amount of oxidized ores 
rich in iron. 

Analyses of ores from Ariiona Copper Company^ s mines. 



• 


Sulphide 
concen- 
trates. 


Sulphide 
ore. a 


Concentrates 

from Metcalf 

carbonate and 

oxide ores. 


Longfellow 
ores. 

^ 43. 70 
18.08 


SiO, 


26.85 
15.04 


58.88 
4.50 


36.05 


Fe . 

Fe,0, 


30.33 
4.22 


FeS 








Cu 

CuO 


23.30 


6.79 


5.10 


12.25 

.50 

6.94 


ZnO.. 








ALO, 


8.92 

Trace. 

.82 

Tface. 

19.80 


19.78 




MnO 


.93 
1.68 


CaO 

MgO 


1.16 


........... 

Trace. 
Trace. 


s 


3.90 




Ignition 


7.37 













a With trace of gold and silver. 



^Insoluble. 
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The large percentage of alumina necessitates the addition of lime, which is 
obtained in great purity from a quarry at Morenci. 

Composition of slags from Arizona Copper Company* s smelter. 




Black cop- 
per slag, 
1896. 



SiO,.. 

FeO. 

CaO . . 

AlA 

MnO. 

MgO. 

Cu.. 



38.60 
42.12 
3.89 
9.10 
1.54 
2.52 
1.76 



Matte slags. 
(Matte 50 
per cent 
copper.) 


Converter 
slags. 


42.48 
22.89 
15.17 


24.14 
62.25 


13.60 
.42 


10.81 








2.15 





Composition of Bessemer copper. « 



Per cent. 



Cu 99.36 



Fe 

8 . 



.017 
.247 



During 1902 an average of 1,300 tons of copper a month were produced. 

The Bessemer copper is shipped in ingots of the ordinary size; it averages 
99i per cent copper, and contains 3i ounces silver and 0.1 ounce gold per ton. 
This is a little higher percentage of precious metals than is found in the copper 
produced by the Detroit Copper Company, and is probably due to the fact that 
the Metcalf ores are slightly richer in gold and silver than those from Morenci, 

LIXIVIATION. 

The second-class product from the concentrating plant for Metcalf oxidized 
ores is leached with sulphuric acid manufactured at the works in a plant the 
capacity of which is 10 tons of acid a day. The pyrite is obtained from the Joy 
mine at Morenci. The details of the leaching process are kept secret. 

STATISTICS. 

From the semiannual reports of the Arizona Copper Company some interest- 
ing data are obtained concerning the result of operations for the year ending 
September 30, 1903. A strike of the mine laborers interfered somewhat with 
the production during a couple of months of that term. The figures given are 
short tons of 2,000 pounds. 



a Contains also about 94.50 in gold and silver per ton. 
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Chase Creek the ore is loaded into the cars of the Coronado Railroad Company, 
and transported 7 miles by rail to the Shannon smelter, which is located on 
the west bank of San Francisco River, 1 mile south of Clifton. This smelter 
was completed and blown in in May, 1902, and for some time kept running on 
high-grade ore obtained without concentration. In a short time, however, the 
necessity for a concentrator became apparent, and such a plant, with a capacity 
of 400 tons, is now erected on the hillside above the smelter. 

The smelter, which is a thoroughly' modern plant, consists of two furnaces, 
with a capacity of 300 tons of charge per twent3^-four hours. The size at the 
tuyeres is 44 by 170 inches, or an area of 52 square feet. The jackets are 13 
feet high, and 4 charge spaces are provided on the feed floor. The crucible below 
the tuyeres is 26 inches deep. It will be seen that these furnaces are the largest at 
present operated in the Clifton district, with the exception of the Detroit furnace, 
completed in 1904. The present capacity" is reported to be about 500 tons of 
copper per month. During 1902, 2,340,000 pounds of copper were produced by 
direct smelting from ores, without concentration. In 1903 the output was 
6,588,232 pounds, with every prospect of some increase during 1904. In Feb- 
ruary, 1905, a production of 344 tons is reported. 

CONCENTRATING AND SMEIiTING. 

It will be observed that the substitution of aluminous chalcocite ores in 
porphyry for the older, easily reduced carbonate and oxide ores in limestone has 
caused many changes in the processes of reduction. The Shannon Company 
alone has as yet large bodies of oxidized ores rich in iron. The method of 
treatment of the poi'phyry ores is in general to sort by hand as far as possible, 
then concentrate and smelt in cupolas with the addition of limestone and such 
oxidized ore as may be available. The concentration of the ores is difficult on 
account of the soft character of the copper glance, which causes rich slimes. To 
avoid excessive losses successively finer crushing is used, and the grade of con- 
centrates is held rather low. They average perhaps 15 per cent copper. The 
ores are very soft and the capacity of the crushing machines is correspondingly 
great, which tends to cheapen the process. Considerable loss of copper is 
unavoidable and ma}^ range up to 25 or 30 per cent. Including losses in smelting, 
I should think it probable that the amount of copper recovered is 70 per cent of 
the assay value. 

In smelting, the large percentage of chalcocite obviates the necessity for 
roasting. Much limestone flux is needed on account of the abundant alumina. 

Regarding the tenor of the ore it is probable that the Arizona Copper 
Company at present works the lowest-grade ores in the district. The percentage 
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has gradually decreased, giving evidence of the effect of large-scale mining and 
general economy in the treatment. The Metcalf ores are probably of slightly 
lower grade than the average. 

Ah to the actual cost of mining and smelting no data are available for pub- 
lication. The reports of the Arizona Copper Company do not contain figures 
from which these costs can be safely deduced 

PRODUCTION OP COPPER. 

Concerning the production of early days we have little reliable information. 
Previously to 1882 the Lezinsky Brothers are believed to have produced about 
20,000,000 pounds of copper, very little having been derived from other sources. 

The following statistics are available: 

Copper produdion of two principal Clifton copper companies^ the total produdion of Arizona^ and the 

production of the United Staies. 



Year. 



1880. 
1881. 
1882. 
1883. 
1884. 
1885. 
1886. 
1887. 
1888. 
1889. 
18W. 
1891. 
1892. 
1893, 
1894. 
1895. 
1896. 
1897. 
1898. 
1899. 
1900. 
1901. 
1902. 
1903. 



Arizona Copper 
Company. 



Pnundn. 



3, 639, 556 

6, 772, 239 

5, 513, 549 

5, 539, 771 

6, 833, 528 

6, 787, 201 

5, 164, 906 

5,673,611 

5, 893, 533 

7,871,819 

9,935,812 

11,:^8,910 

13,042,000 

13,727,911 

18,169,096 

19, 072, 709 

19, 697, 086 

20, 535, 800 

30, 821, 842 

30, 228, 000 

a Questionable. 



Detroit Copper 
Company. 



P^mnds. 



1,442,935 

2, 819, 530 

2, 749, 997 

3, 345, 523 

2, 110, 690 

4,175,717 

5, 235, 797 

4, 875, 696 

4, 906, 704 

4, 194, 672 

1,918,594 

4, 942, 728 

5, 577, 744 

3, 790, 128 

7, 016, 348 

8, 405, 138 

11,428,992 

13, 906, 253 

10, 749, 258 

17,535,000 

18,721,411 

16, 558, 232 



Total of Arizona. 

Poundt. 

«2, 000, 000 

"5,000,000 

17,984,415 

23, 874, 963 

26, 734, 345 

22, 706, 366 

15,657,035 

17, 720, 462 

31,797,300 

31,586,185 

34, 796, 689 

39, 873, 279 

38, 436, 099 

43, 902, 824 

44, 514, 894 

47, 953, 553 

72, 934, 927 

81,530,7:^5 

111,158,246 

133,054,860 

118,317,764 

130,778,611 

119,944,944 

147, 648, 271 



Total of United 
states. 



Long ton*. 

27,000 

32,000 

40,467 

51, 574 

64,708 

74,052 

70,430 

81,017 

101,054 

101, 239 

115, J^ 

126, 839 

154,018 

147, 0:^:^ 

158,120 

169,917 

205,384 

220, 571 

235, 050 

253, 870 

270, 588 

268, 782 

294,423 

311,627 
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The production of the Arizona Copper Company and that of the Detroit Copper 
Company have been taken from Mineral Industry, published by the Engineering 
and Mining Journal, while the last two columns have been compiled from Mineral 
Resources of the United States, published by the United States Geological Survey. 

The three most important producing districts in Arizona are the Clifton, 
Bisbee, and United Verde. From 1895 to 1901 the United Verde led in produc- 
tion, the maximum of 44,000,000 pounds being attained in 1899. Bisbee was not 
far behind, the Copper Queen mine contributing practically the whole output. 
Clifton followed closeh' after Bisbee. The maxinmm output at Bisbee was obtained 
in 1901, in which year the former sequence was reversed, Bisbee leading with 
39,800,000 pounds, followed by Clifton with 38,000,000 pounds and United Verde 
with 34,500,000. In 1902 Clifton obtained the lead, the production rising to 
49,500,000 pounds. In 1903, however, Bisbee increased its output to 62,500,000 
pounds, due to the appearance of a new and important producing compan}^ the 
Calumet and Arizona, while Clifton followed with 53,400,000 pounds and United 
Verde yielded 23,8(X),000 pounds. 

The production of Arizona is at present a little more than one-lifth of the total 
production of the United States, the percentage having varied from 9.7 in 1887 to 
23.4 in 1899. 

According to statistics the mines of the Arizona Copper Company have pro- 
duced since discovery about 123,000 and those of the Detroit Copper Company 
78,600 short tons, making a total of about 201,600 short tons of copper, an amount 
equal to a cube of copper with a side of about 90.5 feet. At an average price of 15 
cents per pound this would represent a value of $60,500,000. 

VAL.UE OF COPPER. 



Highest and lowest prices of Ixike Superior ingot copper, by years, from 1860 to 1903.^ 

[Cents per pound.] 



Year. 



1860 
1861 
18H2 
1863 
1864 
1865 
1866 
1867 
1868 



HiffheMt. 

24 
27 

38J 

55 

50J 

42 

29} 

24i 



Lowest. 

19J 
17J 

20J 

29 

39 

28 

26i 

21 J 

21 J 



1869. 
1870. 
1871. 
1872. 
1873. 
1874. 
1875. 
1876. 
1877. 



Year. 



Highest. 1 
26i 


Lowest. 


21* 


m 


19 


27 


211 


44 ' 


27J 


:i5 

1 


21 


25 : 


19 


23i ; 


21 i 


23i , 


18} 


20i ! 


m 



a From Mineral Resource.*! U. S. for 1903, U, S. Geo). Survey, 1904, p. 232. 
16859— No. 43-05 4 
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Highest and loirest prices of Ixike Superior ingot copper, by years, from 1860 to 190.i — Continued. 



Year. 



Highest. Lowent. 



Year. 



HigheHt. Lowest 



1878 
1879 
1880 
1881 
1882 
188,3 
1884 
1885 
1886 
1887 
1888 
1889 
1890 



171 

21 f 

25 

201 

20J 

18i 

15 

nj 

12i 
17J 

17,V 
17} 

171 



15} 
15} i 
18} 
16 

17J , 
Hi ' 
11 

n 

10 

15H 
11 

14 



i| 



I 



1891. 

1892. 

1893. 

1894. 

1895. 

1896. 

1897. 

1898. 

1899. 

1900. 

1901, 

1902 

19a3. 



15 


lOi 


n\ 


lOJ 


12} 


9| 


lOi 


9 


12} 


9i 


11} 


9} 


12 


10} 


12J 


lOA 


19J 


13i 


17i 


16i 


17 


12J 


13J 


101 


16 


12 




CHAPTER II. 

GENERAL GEOLOGY. 

TOPOGRAPHY. 

DRAINAGE. 

The principal stream of the region is San Francisco River, which heads in 
New Mexico, about 100 miles farther north, among Mogollones, Tularosa, Datil, 
and San Francisco ranges, and joins the Gila about 12 miles below Clifton, Ariz. 
About 40 miles north of Clifton it receives an important tributary called Blue 
River, which heads among the basaltic plateaus of the Prieto Range. The quantity 
of water carried by the San Francisco varies considerably, and is subject to very 
sudden increase bj' heavy freshets. The minimum quantity carried during the 
dry season is approximately a few hundred miner's inches. At all times it con- 
tains an abundant supply for the towns of Clifton and Morenci, as well as for the 
needs of the smelters located there. The water a few miles north of Clifton is 
of excellent qualit}-, but near that town becomes more saline, due to numerous 
salt springs which discharge their contents into it. Some of these are found 1 
mile north of Clifton; others carrying a large volume of very salt water enter 2 
miles below the town, and at other places. Samples from the dam a short 
distance above Clifton show, according to Mr. J. Colquhoun, the following com- 
position: Sodium chloride, 4.1 to 6.9 grains per gallon; carbonate of lime, 5 to 
5.3 grains per gallon; total salts, 14.05 to 20.3 grains per gallon. Below Clifton 
the increase in salt, chiefly chloride of sodium, becomes very noticeable, the 
Shannon smelter, 1 mile below Clifton, experiencing considerable difficulty in 
securing a supply of sufficiently fresh water. 

Below Clifton San Francisco River flows in a canyon a few hundred feet 
deep, cut in the detrltal formations which here cover such great territory (PI. 
Ill, B), Above Clifton it flows in a canyon of older rocks, somewhat open in 
character and often characterized by a bluflF a few hundred feet high close to the 
river. The canyon is by no means uniform in depth and slope. The presence 
of an older period of erosion is everywhere apparent, and the varying petrographic 
character of the rock greatly complicates the topography along the river. 
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Except for Blue River the San Francisco receives few tributaries of importance. 
The principal one is Chase Creek, which heads among the high lava peaks 12 
miles north-northwest of Clifton, and continues to its junction with the main 
river in a canyon cut to a depth of 1,(MX) feet or moi*e. 

The next important stream of the region is Eagle Creek, which joins the 
Gila a few miles }>elow the mouth of the San Francisco. Eagh» Creek extends 
from north to south and is al>out 40 miles long, its source l>eing among the 
basaltic mountains of the Prieto Plateau. Like the San Fmncisco, it is bordered 
by narrow bottom lands along nearly its whole southerly coui'se, and it flows in 
a very narrow and deeply incised canyon cut throughout in volcanic rocks, 
receiving few tributaries from either side (PI. IV, /?). It is a permanent stream 
and, like the San Fnincisco, is subject to sudden freshets, during which the 
volume of the water is for a short time amazingU' increased. 

RELIEF OF DISTRICT. 

Looking northward toward Clifton from the valley of Gila River several high 
ridges and complexes of rugged hills appear on the horizon, but neitjjier from 
this place nor from better points of vantage nearer the foothills is it possible to 
discern any well-detined range system or an}' dominating central feature. Topo- 
graphically the whole mountain region north of the river appears as a maze of 
short ridges and peaks. 

The geological structure explains this condition of affairs very clearly. A 
core of older rocks, granites, limestones, and sandstones, h^ng chiefl}' between the 
two most important northern tributaries of the Gila in this region, and reaching 
elevations of over 7,0<X) fe^t, was first deeph' and irregularly eroded, and, later, 
during the Tertiary period, was covered by immense masses of volcanic flows, 
chiefly rhyolites and basalts, very unequally distributed as to thickness and char- 
acter. A constructive drainage was laid out over the lava flows and extensive 
erosion followed. The result of these conditions is an extreme irregularity of 
topography. 

The southern part of the map (PI. I) represents a broad plateau spreading at 
the foot of the mountains and having an average elevation of 4,(X)0 feet. It 
descends gently southward from the edge of the mountains, extending from Eagle 
Creek on the west to l)eyond San Francisco River on the east. The lower parts 
of both of these watercourses trench it to depths of up to 700 feet, leaving 
grayish or brownish bluffs of lavas or gravels lining the watercourses. The 
plateau is furrowed b>' a maze of shallow and spreading ravines, nipidly deep- 
ening to ))ox-like canyons ne^r the main rivers. The formation is chiefly the 
semiconsolidated detritus of the Gila conglomerate. The road from Clifton to 
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Gila conglomerate on west sioe of san francisco river i miles below clifton. 
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Morenci follows the narrow alluvial deposits of Chase Creek for 8 miles and then 
ascends the western slope 600 feet to the top of the barren and dry mesa (PI. 
IV, A). A well-defined low escarpment of quartzite here marks the limit 
between the gravel plateau and the mountainous region to the north. For sev- 
eral miles northward extends a hilh' region characterized by small peaks of 
porphyry and short ridges or sloping tables of limestone. The watercourses cut 
through the rim of the mountains in narrow canyons to spread out in more open 
Imsins near their headwaters: of this character are Gold Creek, Morenci Canvon, 
and the several intervening gulches. 

Northwest of Morenci the genenrl elevation increases rapidly. The central 
feature is formed by a high ridge of quartzite, porphyry, and granite, l)eginning 
at Copper Mountain and attaining 6,370 feet in elevation 2 miles from Morenci. 
From here the top continues fairly level up to the Coronado mine, 3 miles from 
Morenci. Eastward Coronado Gulch and. the several branches of Concentrator 
Canyon descend to Cha^e Creek, separated b}^ man}' and far-projecting salients. 
Westward similar deep gulches, the most prominent of which is Horseshoe Can- 
yon, lead down to the lava plateau bordering the abu^^^Bnch of Eagle Creek. 
Immediately north of the Coronado mine the central^H^ again rises rapidly in 
Coronado Mountain, an imposing mass of red crumbling granite capped by a flat 
quartzite table breaking off perpendicular^ for a couple of hundred feet. 

From Coronado Mountain a magnificent view is obtained over the whole 
region, the most striking feature of which is perhaps the lack of regularity in 
the topographic forms. Toward the west a long and broad granite ridge projects, 
descending gradually from 7,500 feet, the elevation of Coronado Mountain, to 
4,500 feet at a point 5 miles farther west, where it suddenly drops off to Eagle 
Creek. The area beyond Eagle Creek is occupied by high and ver}- rough ridges 
of black basaltic lavas, separated by deep ravines. Elastward from Coronado 
Mountain precipitous slopes of red granite lead down to Santa Kosa Can3^on, 
which empties into Chase Creek at Metcalf. Lower ridges of the same material 
rise again east of Santa Kosa Canyon, to descend in precipices to the level of 
Chase Creek. North of Coronado Mountain, Knight Creek emptying into Eagle 
Creek cuts back to within 1 mile of Chase Creek, from which it is separated 
by a gap with an elevation of t),50o feet. North of this creek the lavas cover 
the old rocks and are carved into a most irregular complex of sharp ridges, some 
of which rise to elevations of 7,900 feet. 

Chase Creek Canyon, cutting through the heart of the copper-producing 
district, is a most interesting and picturesque topographic feature. Three miles 
northwest of Clifton the monotonous gray bluffs of semiconsolidated gravels are 
replaced by granite walls, ranging upward to a thousand feet in height. Near 
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the Longfellow incline the gmnite on the west side is capped by bluffs of 
quartzite and limestone, while a similar, though smaller, faulted-down quartzite 
table caps its eastern slope. For 1^ miles alK)ve the Longfellow incline the 
canyon is very narrow and deep. The prevailing rock is a granite greatly altered, 
silicitied, and impregnated with decomposing pyrite; owing to this it weathers in 
most fantastic forms, overhanging cliffs alternating with deeply incised gorges 
and needle- like pinnacles, the dark-red color of the rock lending additional 
weirdness to the scene, especially when colors and shadows are emphasized by 
the setting sun. A little stream of bright-green water trickles along the bottom; 
numerous mining tunnels are opened along the sides, and the available level space 
is frequently insufficient for the track of the Coronado Railroad, which follows 
the canyon up to Metcalf. 

A mile below Metcalf the canyon widens as the softer porphyry is entered, 
and small spaces of alluvial gmvel appear, probably brought down from the 
great amphitheater of the Coronado and Santa Rosa canyons. 

At the town of Metcalf two important tributaries join Chase Creek. From 
the west Coronado and Santa Rosa gulches descend in narrow canyons with pre- 
cipitous grade, draining the eastern slope of Coronado Mountain. Three thousand 
feet west of Metcalf they join, and continue down to Chase Creek in an open 
valley with a bowlder-covered bottom several hundred feet wide, bearing ample 
evidence of the frequent occurrence of violent cloudbursts on the flanks of Coro- 
nado Mountain. From the east King Gulch descends in a narrow, extremely 
rocky canyon, broken by one sudden drop of a hundred feet and having a grade 
of 500 feet in 1 mile; it heads 3 miles to the northwest, near the 7,000-feet-high 
Malapais Peak, which, as its name implies, is carved in jagged outlines from the 
great Tertiary lava flows. A debris fan of great bowlders at the mouth of the 
canyon shows the torrential character of the watercourse, which ordinarilv is 
entirely dry. 

The most prominent feature of the topography at Metcalf is Shannon Moun- 
tain, rising in pyramidal form 1,2(K) feet above the town, with yellowish-gray lower 
slopes broken by rough crags of decomposed porphyry and surmounted by the 
black iron cap of the outcrops of the Shannon mine. 

Above Metcalf Chase Creek Canyon contmcts again and for 1^ miles forms a 
less conspicuous duplicate of the lower granite canyon. The grade is alx)ut 200 
feet to the mile. Garfield Gulch, on which several important mines and prospects 
are situated, enters from the east. Above this gulch the most conspicuous fea- 
tures are the great granite bluffs on the west side, which drop off almost per- 
pendicularly for a thousand feet to a sloping mass of debris near the creek. 
The head of Chase Creek is only a few miles distant, located among the high 
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lava peaks of the northern part of Clifton quadranf^le. The total drainage area 
is about 22 square n)iles. 

The area which drains directly into San Francisco River north of Clifton pos- 
sesses divers topographic features. The well-graded river, which has a fall of 20 
feet per mile, emerges from the older rocks at Clifton, where it has carved pic- 
turesque cliffs from the lavas underlying the gravel terraces of the Gila forma- 
tion. For a few miles northward it flows in a canyon about a thousand feet 
deep, with moderate slopes, which occasionally break into precipitous bluffs of 
limestone or gmnite. Above this point the canyon may be said to be a double 
one. Its tortuous course is first adjoined by steep lava bluffs from 500 to 700 
feet high. A gentler slope then follows, gradually leading up to the high bla(*k 
lava peaks on the east side. On the west side this gradual ascent leads up to 
precipitous, dark-red, in. places flat-topped, granite bluffs, 1,50<» to 2,(KK) feet high, 
again surmounted by the great masses of Markeen and Copper King mountains 
on the south (3,300 feet above the river) and the lava peak of Malapais on the 
north, all of which form part of the divide between Chase Creek and San Fran- 
cisco River. The canyon of the latter stream is not the result of a single and 
simple period of erosion, but rather the consequence of orographic movements 
and at least two periods of erosion. These relations are more fully discussed in 
the text of the Clifton folio. 

ROCK8. 

GENERAL STATEMENT. 

The, rocks are divided into two series. The older consists of a basement of. 
pre-Cambrian schists and granite, upon which rests unconformably a Paleozoic 
series 1,000 feet thick of limestones, shales, and quartzites, overlain by Cretaceous 
shales and sandstones at least seveml hundred feet thick; masses of granitic and 
dioritic porphyries are intruded into all of these rocks. The younger series, of 
Tertiary and Quaternary rocks, consists of various lavas and of an extensive 
formation of partly consolidated coarse gravels called the Gila conglomerate. 

PRE-CAMBRIAN ROCKS. 

It appears most natural to first descril)e the old basement upon which the 
sedimentary systems have been deposited and through which the much later 
intrusions of porphyr}'^ and overflows of basalt and rhyolite have forced their 
way. While the Cambrian system has not been proved to exist in this region 
by complete paleontological evidence, there can be little doubt that the Coronado 
quartzite represents this period, and it is certain that its base marks the most 



56 COPPER DEPOSITS OF CLIFTON-MORENCI DISTRICT, ARIZONA. 

prominent unconformity in the early geological history of this vicinity. The 
pre-Cambrian basement consists chiefly of granite and allied rocks, much more 
rarely of schists. 

PINAL SCHISTS. 

Kight miles north of Morenci, near the head of Chase Creek and Sardine 
Creek, a formation of fine-grained schists is exposed below the Coronado quartzite. 
The small areas are surrounded by basalt and have been exposed only through 
the erosion of the covering flows of this rock. The schists strike east and west 
and have a steep dip to the south. The prevailing mass consists of reddish, 
fissile, and very fine-grained quartz-sericite-schist, though smaller bands and 
masses of an amphibolitic rock are also present. The sericite-schist is probably 
of sedimentary origin. 

On account of the striking similarity in geological position and petrographic 
character to the Pinal schists which Mr. Ransome*' describes from near Globe, 
Ariz., I have not hesitated in correlating the occurrence just described with 
that formation. The relation between the granite and the schists can not, in this 
case, be established with certainty, but, from the occurrence of a small pegma- 
tite dike in schist found in the gulch just south of Sardine Creek, it seems 
likely that here, as well as at (jlobe, the granite is younger than the schists 
and intrusive in them. There is a very striking unconformit}' between the 
Coronado quartzite and the Pinal schists and the latter should doubtless be 
referred to the Algonkian or to the Archean. How unsatisfactorily the line is 
drawn between these two systems has already been emphasized by Mr. Bansome.^ 

GRANITE. 

Occurrence and distribution. — The rock which almost universally underlies 
the Paleozoic sedimentary series is a normal granite, consisting of orthoclase, 
albite, quartz, and biotite; the orthoclase quite generally prevails over the other 
constituents and may be so abundant as to cause transitions to quartz syenites 
and normal syenites. 

Broadly speaking, the granite areas form a belt several miles wide between 
the sunken limestone blocks of the southern foothills and the heavy lava flows 
of the northern mountains. Topogi-aphic^ll}^ they form two prominent dome- 
shaped masses, rising to elevations of 7,000 feet, separated by the deep trench 
of Chase Creek, and scarred by many deep ravines. Coronado Mountain forms 
the westerl}^ area, while the complex of Markeen and Copper King mountains 
rises between San Francisco River and Chase Creek. 



a Ranaome, F. L., Geology of the Globe copper district, Axixona: Prof. Paper U. & Geol. Survey No. 12, 1908, p. 28. 
ft Loo. clt. 
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Several smaller areas of granite occur among the faulted blocks northwest of 
Morenci; the Copper King granite extends across Chase C'reek and follows the 
margin of the foothills for several miles south of Morenci; and a smaller detached 
area outcrops a couple of miles southeast of Clifton between the Gila conglomemte 
and the Coronado quartzite. The boundaries of the areas are formed b}- the 
covering or intruding later formations, which may consist of Cambrian quartzite, 
irruptive porphyries, Tertiary lavas, or Quaternary gravels, or again by fault lines 
which may bring any one of the formations present in the area in contact with the 
granite. 

The prevailing color of the granite is red, ranging from a yellowish red to a 
deep brownish red, all due to the finely disseminated ferric oxide so conmion in the 
orthoclase. The outcrops are large and rounded, but without exhibiting, except 
locally, a very marked ''wool-sack structure.'" The surface is covered by a thin 
layer of coarse sand, due to disintegration, in places where erosion has not acted 
with unusual vigor. The steep slopes of ravines and fault scarps, especially those 
on the west side of Chase Creek above Metcalf, show a prominent sheeting or 
jointing. The joints usually have a northeast or north direction and, standing 
almost vertical, separate the rock into thick benches. 

The weathering on Copper King Mountain is of a similar character, the 
sand}' gentler slopes contrasting with the imposing dark -red cliflFs, cut up into 
angular blocks by irregular joint planes, and facing San Francisco River. 

The granite of Chase Creek between Morenci and Metcalf is altered by 
quartz cementation and pyritic impregnation; oxidation has given it specially 
bright red and yellow colors, while the outcrops are extremely rough and 
irregular, with pinnacles and deep recesses. Fresh granite is only obtainable at 
points of intense erosion or where mining operations have penetrated the 
decomposed surface. The coarse-grained character remains constant over the 
whole area. 

Petrography, — The typical granite, as shown, for instance, at Sycamore Gulch 
near the Poland prospect, is a reddish-brown coarse-grained rock, consisting of 
reddish, only occasionally light-green, feldspar grains, averaging perhaps 5 mm. 
in diameter, light-gray quartz in smaller grains often intergrown with the 
feldspar, and a small amount of black biotite in inconspicuous aggregates; 
occasionally a grain or two of hornblende is present, but never, as far as known, 
any muscovite. The ferromagnesian silicates are rarely seen in specimens from 
the surface, having l)een decomposed to dull grayish or greenish secondary 
minerals. 

In thin section large grains of orthoclase are most prominent. Microperthite 
is also very common, occurring in intergrowth with orthoclase. A few grains of 
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a plagioclase with narrow striation were noted in some specimens. They are 
greatly sericitized. making determination difficult, but appear to be albite. Quartz 
abounding in fluid inclusions is always present, but often as small grains and in 
micropegmatitic intergrowth with orthoclase or pertbite. Magnetite and zircon 
are accessories. The stnicture of the rock is noniially granitic. In nearly all 
specimens from near the surface the feldspars are clouded by kaolin and sericite, 
while the biotite is entirely c*onverted to sericite and chlorite. Occasional modi- 
fications occur, but are seldom conspicuous. As mentioned above, the orthoclase 
may locally increase, changing the rock to a quartz-s\'enit€. Hornblende may 
increase, as shown in the cuts of the Coronado Itailroad, 850 feet above the 
place where the wagon road leaves Chase Creek and ascends the hill toward 
Morenci. This rock is a normal granular aggregate of orthoclase, microperthite, 
and quartz, and probably a little individual albite, with rather abundant prisms 
and grains of green hornblende, and a considerable amount of magnetite or 
ilmenite. The quartz is present in only moderate quantity and |)artly in grano- 
ph\'ric intergrowth with the feldspars. Sericite, chlorite, epidote, and pyrite 
have developed subordinately as secondary min(»rals. 

Local modifications of still more basic character are verv uncommon, the 
only one observed })eing in the bottom of a gulch 2 miles south of the point 
where the Coronado vein crosses the ridge summit. The granite here contains a 
small mass chiefly consisting of hornblende, soda-lime feldspar, and grains of 
magnetite or ilmenite. 

DiheH f'ojniccted with the rntru^hm of pre- dnnhriayx granite, — ^The intrusive 
character of the granite is inferred, although in this -region no direct proof is 
available, no contacts with older rocks l)eing visible. VV^hile dikes of coarse peg- 
matite are almost wholly absent, there are, in numy places, irregular masses or 
well-definetl dikes of granitic aplite, a medium-grained rock identical in composi- 
tion with the normal granite, but of a more even-grained, ''sugary" texture. 
These aplitic dikes, whose genetic connection with the granite is very clear, have 
not been separated from the latter rock on the map. Dikes of rhyolite, basalt, 
or of various intrusive porphyries, are abundant in places and will be described 
under their proper headings. 

PALEOZOIC SEDIMENTARY ROCKS. 
THE SECTION IN GENERAL. 

Above the granite rests, in the vicinity of Clifton and Morenci, a thickness 
of about 1,000 feet olF Paleozoic stratified rocks, comprising the Cambrian, Ordo- 
vician (formerly called lower Silurian), Devonian (?), and Carboniferous systems. 
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They have been subdivided (aee fig. 2) into Coronado ([umtzite (pmhably Cam- 
brian), Longfellow limestone (Ordovician), Morenci shalos (probably Devonian), 
and Modoc limestone (Mississippian, or lower Carboniferous). 

The Pennsylvanian is not known to be present in the area here diHcussed, 
but heavy limestone beds of this .^teries, several hundred feet thick,- are found 
conformably overlying the Missiasippian in the northerly part of the Clifton 
quadr.ingle. There is no known uiiponforuiity in the whole Paleozoic column, 
though by no means all of the subdivisions of the 
systems have been shown to be present. 

Compared to other places in Arizona the thick- 
ness of the Paleozoic column is slight. Mr. Ransome 
describes 1,700 feet of strata from Globe" and over 
5,0011 feet from Bisbee.* 

CORONADO yUARTZITE. 

General character <iii<l dUtribnfi'm. — Resting im- 
mediately on the granite basement, the Coronado 
quartzite has a wide distribution and is everywhere 
easily recognized. It consists chiefly of heavy beds 
of brown, pink, or maroon quartzitic sandstones, 
usually characteristically jointed, as shown on PI. VI, 
which represents an exposure al)out 2 miles south of 
Morenci. Its lowest member is a tjuartzite conglom- 
erate, up to 50 feet thick, but this is missing in 
many sections. ' Several smaller areas of this forma- 
tion conspicuously crown the summit and westerly 
slope of Coronado Mountain. The largest area, cover- 
ing several square miles. \wn a thousand feet lower 
on the south side of the great Coronado fault fis- 
sure, and forms a fault block, broken by many minor 
dislocations, but, on the whole, dipping gently west- 
ward. Minor patches cover the granite in upjwr 
Chase Creek Valley, or are bounded by short fault 

planes, while eastward similar areas cap the granit^^ bluffs overlooking San Fran- 
cisco River. At lower elevations a continuous band of this formation begins 
near the Longfellow incline on the we,st side of Chase Creek Canyon and, fol- 
lowing it for a couple of miles, swings southwest, with foothills facing the 

"Rmraome, F, L., Geology ol Ibe Globe copper lilntrtct: Prol. P«|>er U, S. Qcul. Sunej- No. 12, 1903. 

hBanfome. F. L., The t«o\ogy and ore depoalu ol Ihe Blsbee quadnnKle, Arisraiis: Prol. Paper U. S. Gtnl. Surrej 
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gravol plains of (xihi coiij^loinomte, and continues to a point 3 miles south of 
Moronci. A few exposures of the formation, resting* on granite, are also found 
on the east side of San Francisco River. 

In many places erosion has left only a thin cover of quartzite lying u|)on 
the granite. Where the whole thickness of the formation remains, as near 
Morenci, it attains a n)aximum of 25<> feet, hut this is not maintained at all 
exposures: near the mouth of A|)ache (tuIcIi, due south of Morenci, there are only 
from 1<K) to 150 feet exposed. The basal conglomerate, consisting of a maximum 
of 50 feet of well-washed quaitzite cobbles, cemented by granitic sand and 
gradually changing into sandy beds, is well exposed in the bluff forming the 
summit of Coronado Mountain, and is present at many other localities, but is not 
a universal feature. At the foot of Longfellow incline it is only 2 feet thick. 
Two miles southwest of Morenci the following section was observed: 

(ieolotjical Ht'diou MuithweM of Moretwiy Ariz. 

Feet, 

Wliit^» qiiartzitic Handrtone 50 

Bandeii, pink and maroon, quartzitic sandstone, forming 

precipitous bluff 162 

Quartzitic conglomerate 10 

Sandstone 8 

Quartzitic conglomerate 8 

(Pebbles 1 inch in diameter.) 

Coarpe sandstone (base ) 10 

243 

Near the mouth of Apache Gulch, south of Morenci, the conglomerate is 
lacking, sandstones resting directly on the granite. A characteristic exposure 
from Morenci Canvon is shown in PI. VI, B, 

In the great fault block covering the western slope of the ridge south of the 
Coronado mine, a clearly defined stratification is often wanting; the basal conglom- 
erate is occasionally present in slight development, while as frequently it is 
missing. In such case the exact line of demarcation l)etween granite and detrital 
rock may be difficult to perceive; the underlying granite appears disintegrated, 
bearing evidence of pre-Cambrian weathering. Thin strata of olive-colored shale 
were observed in a few places; for instance, near the top of the formation on the 
summit of Coronado Mountain, and in the gulch just south of the Longfellow 
incline in Chase Creek. 

Petrixfraphy, — The ro<5k is usually thick bedded, though sometimes delicately 
banded in detail, and shows various colors from light pink to darkest maroon; the 
distinguishing color of the outcrops is dark brown. Properly speaking, it is a 
haixi quartzitic sandstone of varying gmin, most commonly, however, showing 
grains averaging 1 mm. in diameter. Near the base are intercalated beds of coai*ser 
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grain, which at many places change into coarse conglomerates. The clastic grains 
almost universally consist of light-gray granitic quartz, are generally rounded, 
and contain abundant fluid inclusions, (irains of sericitized orthodase are (H'ca- 
sionally found, but no other ro<*ks are represented. The cement consists chiefly 
of sericitic particles, mixed with fine gmnitic detritus. The whole indicates very 
clearly derivation by slow processes from a disintegmting granite, the feldspar of 
which has had ample time to become converted into sericite and kaolin. 

By secondary ore-forming processes pyrite may develop metasomatically, 
l)oth in quartz grains and cement; in a few places near Morenci this (juartzite is 
mined as ore. 

The conglomerate consists exclusively of well-washetl cobbles and pebbles of 
a somewhat hardei* quartzite than that which forms the mass of the formation; 
neither granite nor aplite was found in it at any of the numerous places in which 
it was examined. The derivation is plainly from pre-Cambrian quartzite masses. 
Such rocks have not been found in the area here discussed, but occur farther 
noith in the Pinal formation in the same Clifton (quadrangle. The absence of 
granite fragments l«rs still further evidence of the deep pre-Cambrian disinte- 
gration of the granit 

ConditumH of deposit !on, — The even bedding of the body of the Coronado 
formation shows depostion in a large body of water, and while the marine origin 
of the top strata is proved by the occurrence of fossil shells, it seems probable 
that the conglomerate is a fluviatile deposit gradually merging into marine con- 
ditions. Its very irregular occurrence and thickness, as well as the disintegra- 
tion of the underlying granite, confirm this conclusion. The pre-Cambrian land 
surface was evidentl}^ one of gentle outline, except for some projecting masses 
of old quartzite and schists. The present surface of contact lietween the granite 
and the Coronado formation is greatly modified by warping and dislocation. 

Aqt' and correlathn, — The detemii nation of the Coronado formation as Cam- 
brian is largely circumstantial, based chiefly on its well-defined position as a dis- 
tinct division of quartzose sediments below Ordovician limestone and above an 
unconformity of the first importance. The only fossils thus far found in the 
Coronado formation were discovered by Mr. Boutwell in olive shales, 25 feet 
below the top of the quartzite, in a section just south of the Longfellow incline 
in Chase Creek, and consist of small lingula-shaped shells. 

Mr. Charles D. Walcott has given the following opinion of them: "One species 
is represented — a small form of Lingulella, Similar forms are found in the Middle 
Cambrian of the Grand Canyon. Your material is, however, so imperfect that I 
do not like to base specific determination upon it.'' 

The quartzites at the base of the Paleozoic section have a very wide distribu- 
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tion in Arizona. Mr. Dumble^ describes such quartzites from the Dmgoon, Whet- 
stone, Chiricahua, and Mule Mountains, and refers to them as the Dragoon 
quartzites. Mr. Ransome has examined a similar but much thicker and more 
variable group of formations at Globe and given it the name of the Apache 
group.* The Bisbee equivalent Mr. Ransome refers to as the Bolsa quartzites, 
the thickness of which ranges up to 500 feet/ No fossils have been found at 
either of these localities. 

LONGFELLOW LIMESTONES. 

Oenercd character and distribviion, — Under this formation name have been 
grouped a maximum thickness of about 400 feet of strata conformabh^ covering 
the supposed Cambrian (Coronado quartzites) and consisting of limestones usually 
more or less dolomitic and gradually growing more siliceous near their lower 
limit. The upper 150 feet always form a prominent bluff of brownish limestone, 
while the lower 250 feet contain more shaly strata, usually forming a more gentle 
slope leading down to the steep quartzite bluff beneath (Pis. IV, A; V, B). 

The formation is extensively developed in the southern marginal mountain 
region. Bluffs of it line San Francisco River for a couple of miles north of 
Clifton, the areas forming deeply sunken blocks at the foot of Copper King 
Mountain. An area aggregating a few square miles is exposed east and south of 
Morenci, here again forming a series of faulted blocks. Another block about 1 
square mile in size lies north of Gold Creek on the slope toward Eagle Creek. 
Manv smaller detached masses are known; some of them occur at the northern 
edge of the district near the line where the older formations dip below the 
southern edge of great lava areas. 

Detailed Hections. — One of the t3'^pe localities examined is along the steep bluffs 
on the western side of Chase Creek Canyon. The best section obtained nms 
northeast from the high limestone point one-fourth mile south of Modoc Peak, 
the beds being well exposed below the Carboniferous and Devonian along the 
steep slope of Chase Creek Canyon. 

Geological section one-fourth mile south of Modoc Peak. 

Feet. 
Buff limestone 15 

Quartzitic sandstone 10 

Bluff of brownish-gray cherty limestone 140 

Shaly limestone 90 

(^oarse gray sandstone 10 

Sandy and shaly limestone (base) 115 

380 

aDumble, E. T.. Notes on the geologry of southeastern Arizona Tmns. Am. Innt. Min. Eng.. vol. 31, 1902. pp. 69G-715. 

^ Ransome, F. L., Geology of Globe copper district, Arizona: Prof. Paper V. 8. Geol. Survey No. 12, p. 28. 

e Ransome, F. L.. Geology and ore deposits of ;Bi8bee quadrangle, Arizona: Prof. Paper U. 8. Geol. Survey No. 21. p. 28. 
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Beginning from the top of the bluflf which overlooks Chase Creek, If miles 
southeast of Morenci, the following section was obtained. The summit of this 
bluflf probably does not correspond to the upper limit of this formation. 

Geological »ection 1} mileg southeast of Morenri. 

Feet. 

Buff limestone 8 

Bluffs of brownish cherty limestone 110 

White sandstone, with cross-bedding 15 

Calcareous shales, lead-maroon to yellowish gray in color 

(base) 75 

208 

A part of the lower shales is probably displaced by an intrusion of porphyry, 
which here separates the Longfellow limestone from the Coronado quartzite. 

Geological section at Square BuUey 2 miles south-sotUheast of Morenci. 

Feet. 
Brownish bluffs of limestone ( with cherty bands) 200 

Brown limestone, with bands of quartzite 50 

Sandy limestone, with some thin strata of (]uartzite, and near 

the bottom a thin stratum of shale (base) 150 

400 

Near Garfield Gulch, 2 miles north of Metcalf, in Chase Creek Canyon, the 
series, whose whole thickness between Devonian and Cambrian seems to be present, 
amounts to* only 140 feet. The upper part consists of heavy brown limestone, 
the middle of gray sandy limestone, and the lower of lime shales. 

At the small, isolated limestone mass of Shannon Mountain, near Metcalf, 
200 to 250 feet of dolomitic limestones were noted, lying between the Morenci 
shales and the Coronado quartzite. The color is yellowish brown, the upper part 
being heavy bedded and the lower more shaly. 

Petrography and analyses. — A typical specimen of the cherty limestone shows 
that it is chiefly composed of coarsel}^ crystalline calcite in irregular grains. There 
is evidently but little dolomite or magnesite present, but certain irregular^ dis- 
tributed strata contain more. Few of the rocks thus far examined consist of 
typical dolomite. The rock contains many small quartz grains, probably largel}' 
of clastic origin. The chert occurs in irregular bands or nodules, which under 
the microscope appear as an aggregate of greatly varying grain. Some of it con- 
sists of irregular quartz grains, while other parts contain much cry ptocrystal line 
and fibrous chalcedonic material. Ragged calcite grains lie embedded in this mass, 
giving distinct evidence of the metasomatic origin of the chert by replacement 
of calcite by siliceous waters. The normal rocks contain no pyrite nor other 
sulphides. The Ix)ngfellow limestone is, as a rule, too siliceous to be used for 
quicklime or smelting flux. A number of partial analyses have been made of it at 
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Morenci in the laboratory of the Detroit Copper Company by Mr. L. R. Wallace. 
This horizon is in the lower half of the Louirfollow limestone. 



Pnrtia! mmlyH^x of limenttnti' nt the rear of InnUr rootn of Ih'tritit Copf>er i^ompuny^ li smefter. 
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The following series of partial analyses are of limestones from the base of 
the hill in Morenci Canyon west of the smelter up to Hernandez's wood yard, a 
vertical distance of KM) feet: the horizon comprises the uppermost KX) feet of 
the Longfellow limestone: 

Partial analyse)^ of UmeMone fwm Morenci Canyon w€)*t of smeltrr. 
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The increase in silica toward the base of the bluflf is very noticeable. 
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The Longfellow limestones, exposed on Shannon Mountain, are largely 
metamorphosed; many of them would seem to be somewhat dolomitic in com- 
position. An analysis made for the Shannon Copper Company of a hard, blue, 
fine-grained limestone from the Black Hawk tunnel 30 feet above the top of the 
Coronado quartzite runs as follows: 

Analysis of limestone from Black Hawk tunnel. 

Per cent. 

CaCOs 39.2 

MgCOs 22.9 

SiOj 27.0 

FeA 8-3 

AlA 3.0 

100.4 

It is probable, however, that the specimen analyzed contained some pyroxene and 
epidote, due to metamoiphic processes. 

Age mid correloiioiu — Fossils are very scarce throughout the Longfellow 
limestone. In the lower, shaly part the only occurrence thus far found is in the 
second of the detailed sections; 20 feet above the top of the quartzite a few 
small lingulas were found, together with crinoidal remains. Mr. Charles D. 
Walcott states that, while no very certain determination of age can be based on 
them, they. probably indicate the uppermost part of the Cambrian; there is thus 
a possibility that a part of the Longfellow formation may be of Cambrian age. 
The best fossils were found in a layer of yellowish-gray shaly limestone at the 
top of the same section and consisted of gasteropods and fragments of trilobites, 
the latter in part very large. A similar fauna was found one-half mile farther 
northwest on the same ridge in the same stratigraphical position, and also in a 
gulch one-fourth mile northeast of Newtown in the same vicinity. 

On these fossils Mr. E. O. Ulrich reports as follows: 

*'The fossils contained in the lots submitted (lots 7, 8, 9, and 10), collected by 
Mr. J. M. Boutwell, are on the whole so poorly preserved and incomplete that I am 
not willing to make a positive specific identification at the present time. Still, the 
general aspect of the collections and, in particular, the 'association' of generic tA'pes 
leave no doubt in my mind concerning the age indicated b\' the fossils. 

*'The four lot« all indicate practically the same time interval — it i!? not unlikeW 
that they are all derived from the same bed, which I l>elievc the evidence in hand 
warrants me in placing in the Calciferous age (= early Ordovician). 

"All four lots contain a species of RaphlMomina or of some related gasteropod 
genus, an OphUeta^ a DalmaneUa similar to D. hamburgeiis!^ Walcott, a species of 
Caviarella or Syntraphia^ a new type of Cephalojyodd near Ei^docerasi^ an earh' type of 
Asaphus^ a small Dikelheenhalm {^)^ and a larger trilobite related to Bolhocepfialm,'''^ 

16S59— No. 43— a5 5 
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Four miles west of Morenci, on the slopes toward Eagle Creek, is a large area 
of the upper part of Longfellow limestone. Flat gasteropods, similar to Raphis- 
tomina^ were observed in the center of this area and near the principal trail 
crossing it. 

As far as known this is the first definite occurrence of the Ordovician system 
discovered in Arizona. Mr. Ransome has found no rocks indicating this age in 
the Globe" or in the Bisbee* districts. In both places Devonian strata, chiefly 
consisting of limestones, directly overlie the Cambrian. 

A broad belt, in which Ordovician strata are abundantly developed, is found 
in western Nevada, extending from the vicinity of Eureka down to within 40 
miles of the great bend of Coloi-ado River and the Arizona line. 

The distribution of the system within this area is discussed in the reports on 
the fortieth parallel,*" in Hague's*' and Walcott's* monographs on the Eureka 
district, and in a recent bulletin by Mr. J. E. Spurr/ The nearest point of 
this belt is about 350 miles distant from Clifton in a westerly direction. Along 
the Grand Canyon of Colorado River the Ordovician is thus far not known; 
neither does it occur in southwestern Colorado. On the other hand, Mr. G. B. 
Richardson^ has recently found the formation strongly developed at El Paso and 
other places in western Texas. North of this point it is known to occur along 
eastern Colorado, as, for instance, in the Pikes Peak quadrangle. Mr. Ellis 
Clark* reports its presence, possibly together with Silurian, at the Lake Valley 
silver mines in the south-central part of the territory, and more careful search 
will probably show its presence at many other points in New Mexico. 
• 

MORENCI SHAI^S. 

General character and distrihUion, — Between the Modoc formation of the 
Carboniferous and the Longfellow formation of the Ordovician are conformably 
intercalated a group of strata which have tentatively been referred to the Devo- 
nian system. The rocks consist of about 100 feet of clay shales underlain by 19 
feet of compact and fine-grained argillaceous limestone; this lower part is, how- 
ever, missing in some parts of the Clifton quadrangle, and as, moreover, it can 
not conveniently be mapped separately on a small scale it has been grouped with 
the shales into one formation on PI. I, while on the special map (PI. XVII) the 
two members have been separated. 

a Prof. Paper U. S. Geol. Survey No. 12, 1903. 

bXhe geology md copper deposits of Bisbee, Ariz.: Trans. Am. Inst Min. Eng., Feb., 1908. 

tf King, Clarence, U. S. Geog. Exp. Fortieth Parallel, 1871, 1872, 1878. 

d Hague, Arnold, Geology of the Eureka district: Mon. U. S. Geol. Survey, vol. 20, 1892. 

« Walcott, C. D., Paleontology of the Eureka district: Mon. U. S. Geol. Survey, vol. 8. 1884. 

/Spurr, J. E., Descriptive geology of Nevada south of the fortieth parallel: Bull. U. S. Geol. Survey No. 208, 1903. 

9 Oral communications. 

/iiTrans. Am. Inst. Min. Eng., vol. 34, 1894, p. 138. 
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Though not occupying large surface areas it is present wherever the com- 
passing formations occur; for instance, on San Francisco River a short distance 
above Clifton, in the vicinity of Morenci, and near Garfield Gulch. It usually 
forms a gentler slope between the bluffs of Modoc and Longfellow limestone. 

Petrography and analyses, — ^The clay shales are fissile black rocks, fairly 
hard when fresh, but crumbling easily and softening and becoming grayish on 
exposure. Under the microscope they show the usual cryptocrystalline aggregate 
of clay shales with abundant greenish minute flakes and fibers, probably consist- 
ing of glauconite. Small cubes of pyrite occur sparingly. Calcic carbonate is 
often entirely absent. A specimen from below the Detroit Copper Company's 
limestone quarrj' contained, according to Mr. L. R. Wallace, 2 per cent of CaO. 
A slightly hardened but otherwise typical rock taken 30 feet east of the big dike 
crossing the trail from Newtown to the top of Longfellow incline, near Morenci, 
gave: 

Analym of clay shale. No. SIS, Clifton collection, 

[W. F. Hillebrand, analyst.] 

SiO, 61.25 

AlA 15.60 

Fe,Os 1.35 

FeO 3.04 

MgO 4.16 

CaO 3.40 

Na,0 44 

K,0 6.74 

H,O-100° 62 

H,0-rlOO° 2.09 

TiO, 66 

COj 1 None. 

PA - 08 

80, None. 

MnO« 07 

BaO Faint trace. 

8rO None. 

LijO Trace. 

FeSj 25 

CuFeS, 03 

ZnO 03 



99.81 



aPartly MnOs. 
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The analysis indicates a fairly typical clay shale, the high percentage of K^O 
being characteristic of many of these rocks. Less common is the large amount 
of CaO, which evidently is not present as carbonate but as some silicate, probably 
epidote. The rock is somewhat hardened by the adjacent intrusive mass and 
slight metamorphic changes may have taken place. The copper and zinc present 
in minute quantities are also believed to be derived from the intrusive rock, as 
ores of these metals of contact-metamorphic origin occur only a few hundred feet 
away. In the section near Morenci, one-fourth mile south of Modoc Mountain, the 
shale contains near its top strata a dark-gray fine-grained dolomite, weathering 
yellowish red. 

The limestone underlying the shales appears in most typical foim at Morenci, 
while north of Metcalf a corresponding member could not be found. 

This limestone, about 75 feet thick, is nearly black when fresh, extremely 
fine grained, and breaks under the hammer with a ringing sound into shelly 
fragments. The outcrops are well stratified in thin benches which appear 
peculiarly pitted by weathering and have a bluish-gray color altering on oxidation 
to a yellowish tone. In thin sections the rock is very fine grained, consisting 
chiefly of calcite, though some small rhombohedrons of dolomite are present. 
Minute cubes of pyrite are scattered through the mass. 

A specimen from the lower part of this member at Bias Hernandez's house, 
opposite the Detroit smelter, gave the following result: 

Analysis of limestone from near Detroit Copper Company's smelter. 

[L. R. Wallace, analyst.] 

SiO, 6.4 

Fe 1.6 

AlA 4.2 

CaO 46.8 

MgO 9 

Cu 2 

• S None. 

The total percentage of carbonates would be about 85.4. Silica and alumina are 
both high, indicating admixture of clayey substance. 

Age and em^relution. — While no fossils have been found in the shales, the 
argillaceous limestone contains at many points near Morenci a scant fauna of 
corals and gasteropods, all of them noticeably stunted and small in development. 
On these Prof. H. S. Williams reports as follows: 
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'*The material presents a few fragments of fossils and is probably all from a 
single formation. There is very little, however, that is thoroughly diagnostic of a 
particular horizon. The species are: 

? Zaphretitis sp _ . A small form. 

Crinoid stems Too imperfect to generically identify. 

_ ^- ^^ \ ' Not sufficient for specdtic definition. 

« FleuTotomaria sp J 

Schizophoriu ct. ivanqfi Tsch. . A small imperfect specimen of which I wrote 

in the letter to Mr. Girty, referred to as 

follows: 

"The specimen approaches the Orthis ivanofi Tsch. type of Russia more closely 
than our eastern forms of Schizophoria McFarlani^ which is quite consistent with 
the hypothesis that it belongs to the same fauna as that of the Devonian sent by 
Ransome from the Globe quadrangle. 

"Although the typical species of the Globe and Bisbee quadrangles Devonian 
are not present, the Schizophoria is so diagnostic of the same general fauna that I am 
of opinion that you will be safe in calling it Devonian, though nothing in the lot 
will certainly exclude it from either Silurian or Carboniferous so far as the present 
evidence goes. I would classify the horizon as probably Devonian, awaiting more 
perfect fossil evidence for a closer correlation." 

Mr. Ransome found a well- developed Devonian horizon at Bisbee, Ariz.,*» 
consisting of 840 feet of dark-colored, compact limestones with some intercalated 
shales, and refers to it as the Martin limestone. At Globe, Ariz., he discovered 
700 feet of buff and gray limestones, which he referred to the same age, but 
which seem to present no petrographic similarity to the Clif ton-Morenci * 
occurrence. 

In the Grand Canyon section Mr. C. D. Walcott ^ found 100 feet of Devonian 
strata resting with slight unconformity on the Cambrian Tonto group. 

MODOC LIMESTONE. 

« 

General character and distribution. — The Modoc formation, which represents 
the lower Carboniferous or Mississippian series, consists of about 170 feet of 
coarse blue or gray limestones, with subordinate strata of quartzite and dolomite. 
The gray limestone, which forms a prominent cliff, is the characteristic part of 
the fonnation and recurs at many places. 

The areas covered by the Modoc limestone are not extensive, scarcely aggre- 
gating more than 1 square mile on the general map (PI. I), but the formation is 
of the greatest interest and importance in connection with metamorphic phenomena 

a Prof. Paper U. S. Geol. Survey No. 21, 1904, p. 33. 
b Prof. Paper U. 8. Geol. Survey No. 12, 1903, p. 39. 
e Pre-Carboniferous strata in the Grand Canyon of the Colorado, Arizona: Am. Jour. Sci., 3d ser., vol. 26, 1883, p. 438. 
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and the copper deposits caused by them. Small areas outcrop on top of some 
bluflfs along the river north of Clifton; others cover Modoc Mountain near 
Morenci and the opposite (west) side of Morenci Canyon, and still others cap 
Shannon Mountain and several hills in the watershed of Grarfield Gulch. 

Detailed d^4icr!ption^, — The Morenci sections are practically identical. One of 
them extends from the summit of a h\^h limestone point one-fourth mile south of 
Modoc Moimtain down toward Chase Creek, forming the upper part of the com- 
plete general section from Carboniferous to Cambrian and to the granite; the 
other extends westward from the first railroad loop below the Morenci smelter. 
Thin strata of supposed Cretaceous age here cap the Modoc formation. 

Geological section south of Modoc Mountain. 

Feet. 

1. Blue, coarse, foesiliferous limestone in 2-3 feet thick 

benches 4-10 

2. Light-^n^y coarse limestone with crinoid stems, 2 feet 

benches; vertical joints (*'Gray Cliff member) 75-85 

3. Light-grayish-brown dolomitic limestone 60 

4. White or reddish calcareous quartzite, forming sharply 

defined stratum 15-17 

5. Massive bench of gray, coral life« ^us limestone S-10 

162-182 

On Shannon Mountain the dolomitic stratum seems to be lacking. The sec- 
tion, though obscured by metamorphism, is as follows: 

Geotogical section on Shannon Mountain. 

Feet. 

Gray Cliff limestone 132 

Quartzite 20 

Coralliferous limestone 10 

162 

In the faulted limestone block just west of the mouth of Gai*iield Gulch, in 
Chase Creek Canyon, above Metcalf, the brown dolomitic stratum is again absent 
and the formation consists simply of 150 feet of light-gray bluffy limestone, 
equivalent to No. 2 in the first section. 

Petrography and analyses, — In contmst to the siliceous limestone of the 
Longfellow formation, the Modoc limestones are exceptionally pure. The top 
stratum in the first section consists of coarse, bluish, almost pure limestone. 
The second stratum, the "Gra}" Cliff limestone," as it may be appropriately 
designated, is likewise a coarse granular rock of dark -gray color on fresh frac- 
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tare, but weathering to lighter-gray tint^i. Specimens from Morenci consist of 
large irregular grains of calcite, the onl}^ other constituents noted being a few 
shreds of bright-red ferric oxide or hydrate. This gray limestone is extensively 
used as flux, being quarried at Morenci by both of the principal mining com- 
panies and on Shannon Mountain by the Shannon Copper Company. 

Many technical analyses have been made of it, a few of which are here quoted: 

Partial analyses of limestones from the Modoc formation. 



Limestone quarrv of Arizona Copper Company at Mo- 
renci, Moaoc Mountain 



Limestone quarr> of Detroit Copper Company at Mo- 
renci, near smelting plant •. 

Limestone quarry, Shannon Mountain, near simimit 



CaCO,. 


MgCO,. 

0.69 
9.54 


SiOs. 


AUOjand 
Fe40,.« 

0.92 

2.70 
1.66 


95.52 

94.00 
82.50 


LOO 
1.34 



Insoluble. 



1.06 



a Mostly ferric oxide. 

It will be noted that the rock from Shannon Mountain, though similar in 
appearance and texture to the Morenci limestone, contains much more magnesic 
carbonate. It is very coarsely crystalline and almost white. 

The beds immediately underlying the Gray Cliff limestone consist of heavy 
benches of light-brownish-gray limestone, weathering drab, and containing a few 
minute crystals of pyrite. In thin section it proves to be a fine- and even-gn»ined 
dolomite. 

Partial analyses of dolomite underlying pure limestone close to the Morenci smelter. 

[L. R. Wallace, analyst.] 



West end of quarry 
East end of quarry . 
Pure dolomite 



CaCO.. 


MgCO,. 

37.60 
:«).00 
45.65 


SiO,. 


Fe^O,. 


AI3O,. 


57.5 
56.00 

54. :i5 


0.3 
1.0 


1.8 
2. 


0.4 

8 













Bed No. 4 in the first detailed section underlying the brown dolomite is very 
constant near Morenci, though it has not been found in the northern part of the 
Clifton quadrangle; it consists of a hard quartzitic sandstone, the grains being 
well rounded and cemented bv calcite. The basal member of the formation is a 
heavy band of coralliferous bluish-gray limestone, which does not contain much 
dolomite. 
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Age and correJathm. — The Modoc limestone is fossiliferous throughout, well- 
preserved species being found in it in the top, basal, and intermediate members. 
The determinations by Dr. G. H. Girty show that the formation throughout 
belongs to the Mississippian series of the Carboniferous system — i. e., to the 
lower Carboniferous. The determinations are as follows: 

On trail to Silver Basin, \\ miles southeast of Morenci; from the Coralliferous 
limestone, the basal member of Modoc formation: Rhipidmndla MicheUni?^ 
Spirifer cen iron atus^ and Sem in ula h u m ilui? 

In the section one-fourth mile south of Modoc Mountain, Morenci; from the 
Coralliferous limestone: Zaphrentis sp. 

In the gap 1,000 feet south of Modoc Mountain; from the Coralliferous 
limestone: Zaphrentis sp., and Spirifer cf. centro?iatus and S. Forhesi, 

In outcrops 850 feet S. 18^ E. from Modoc Mountain; from the top of the 
Gray Cliff limestone, No. 2 of first detailed section (p. 70): Orthis sp. 

In outcrops 850 feet S. 18^ E. from Modoc Mountain, at an elevation of 
5,100 feet; from heavy blue limestone. No. 1 of first detailed section (p. 70): 
Lithoatrotion ? sp., MeftophyUum sp., Favosites sp., Granatoa^invs sp., Platycrinmsy 
Feneatella sp., Ch*thothetes insequalia ?, Spirifer near Spirifer kedkuk^ Spiriferina. 

Many other fossil localities were found in the northern part of the Clifton 
quadrangle. 

As is well known, the Mississippian series is extensively developed throughout 
the West. At Globe, Ariz.,^ Mr. Ransome found this series present in the upper 
part of the Globe limestone, while at Bisbee* he has referred 700 feet of strata 
to the same horizon under the name of the Escabrosa limestone. 

TULE SPRING LIMESTONE. 

This formation, which consists of heavy-bedded bluish-gray limestones with a 
characteristic upper Carboniferous or Pennsylvanian fauna, does not occur in the 
area here discussed (PI. I), but is fairly extensively developed in the northern part 
of Clifton quadrangle. Near Morenci Mesozoic strata, not recognized elsewhere, 
unconformably overlie the lower Carboniferous. 

MESOZOIC STRATIFIED ROCKS. 

The Jurassic and Triassic are apparently not represented in this area, but 
rocks belonging to the Cretaceous have been found near Morenci. 

a Prof. Paper U. S. Geol. Survey No. 12, 1908. 6 Prof. Paper U. S. Geol. Survey No. 21, 1904. 
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PINKARD FORMATION. 

ft 

General character and distribution, — The Pinkard formation consists of a 
series of sandstones and shales with a thickness of several hundred feet. The best 
exposures are found in Silver Basin Creek, 2 miles southwest of Morenci, and in 
the Eagle Creek foothills, 4 miles distant in the same direction. The gently 
upturned strata here surround an oval mass of diorite-porphyry intruded in them. 
In the porphyry stock of Gold Creek many smaller metamorphosed patches of the 
same strata occur. Modoc Mountain at Morenci is capped by a small area of the 
same strata, and a somewhat larger mass is exposed on the ridge overlooking the 
head of Morenci Canyon on the south and west side ; it is here again intruded by 
porphyries and partly metamoiphosed by them. 

The lowest part of this formation consists of black shales, which occupy 
considerable areas in Silver Basin; their upper part is made up of alternating 
shales and yellowish-gi'ay sandstone, in places calcareous. A section from the 
top of the hill one-fourth mile southwest of Morenci smelter, eastwai^i, shows 
the following sui'cession, the beds here being somewhat metamorphosed: 

Geological section southwest of Morenci smelter. 

Top of hill; elevation 5,140. Feet. 

Reddish hard shales, partly epidotized 50 

Heavy light-gray quarizitie sandstones, with some inter- 
bedded shales 50 

Black fissile shales 30 

Striped green and yellowish-brown shales 45 

Top of Modoc limestone at base of series. 

175 

On the trail to Silver Basin, 1^ miles southwest of Morenci, is an outcrop 
of the Morenci shales covered by a thin bench of limestone, evidently corre- 
sponding to the base of the lower Carboniferous (the coralliferous limestone, 
No. 5 in detailed section, p. 70). * Above this lie knotty arenaceous shales of 
greenish-gray color and a thin laj-er of j^ellowish limestone, clearl}^ corresponding 
to the base of the Pinkard formation and northward overlain by the shales of 
Silver Basin. The total thickness present is difficult to measure on account of 
probable dislocations. 

Thin strata of epidotized brown and greenish shales cover the summit of 
Modoc Mountain, overlying the uppermost stratum of the Modoc formation. 

There is evidently an unconformit}' .between the lower Carlson if erous and 
the Cretaceous. It seems rather to be an unconformity by erosion than a 
structural bi*eak. 
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Age and correlatum. — Fossils were found in a calcareous sandstone overlying 
shale in a gulch one-half mile southeast of the porphyry hill with bench mark 
5,175, 2i miles south-southwest of Morenci. The elevation is here close to 4,000 
feet. The fossil bivalves are well preserved and some of the species are 
rather abundant. On this collection Dr. T. W. Stanton repoits as follows: 

''The fossils submitted include: 

Fomhfrom calcareous tiandstone sonth-gouthwefi of MorencL 

Mactra sp. related to M. Warreneana M. & H. Turritella sp. 

Corbula ep. Dentaliiiin 8p. 

Caidiuin sp. Glauconia coalvillensis Meek. 

Astarte? sp. Tugnellus fusiform is Meek. 

Cyrena? sp. 

The last two species are characteristic forms of the Colorado group, which 
elsewhere are known only in the upper part of the Fort Benton formation and 
its equivalents."" 

At the eastern side of Silver Basin, H miles southwest of Morenci, great 
numbers of small Astarte n. sp. were found, occurring in the lowest horizon 
almost immediately above the basal member of the Modoc formation. While 
these fossils are not conclusive as evidence of age, there can be no doubt that 
the strata are equivalent to the fossiliferous horizon described above. No fossils 
have thus far, in spite of careful search, been found in any other part of the 
Pinkard formation. 

Cretaceous and Jurassic strata are known from the plateau province of north- 
eastern Arizona. At Bisbee Mr. Dumble** recentlv ' discovered the Cretaceous, 
and Mr. Ransome'' has described it more in detail. There are over 4,000 feet 
of Cretaceous strata which are referred to as the Bisbee group and subdivided 
into four formations. The upper surface at Morenci, as well as at Bisbee, is 
everywhere one of erosion, and thus the original thickness is, in both cases, 
unknown. From considerations of topographv it is scarcely likely, however, that 
the total thickness at Morenci ever approached that at Bisbee. At Globe and 
other points in the interior of Arizona the Cretaceous has not thus far been 
found. 

CENOZOIC SEDIMENTARY ROCKS. 

No sediments of Tertiary age have been found, the volcanic flows of that 
period apparently always resting on a deeply eroded land surface. Strata of 
Quaternary age are, however, extensively developed, the most important formation 
being known as the Gila conglomerate. 

aTrans. Am. Inst. Miii. Kng., vol. 31, pp. 703-706; Prof. Paper U. S. Geol. Survey No. 21, 1904, pp. 56-73. 
bTraus. Am. Inst. MIn. Eng., February, 1003. 



CKNOZOIC SEDIMENT ABY BOCKS. 75 

GILA CONGLOMERATE. 

General character afid distrSmtuxn, — This name wavS first applied by Mr. G. K, 
Gilbert to extensive and deeply eroded valley deposits extending along Gila 
River from the mouth of the Bonito up into western New Mexico. Mr. Gilbert*" 
characterizes the formation as follows: 

"The bowlders of the conglomerate are of local origin, and their derivation 
from particular mountain flanks is often indicated by the slopes of the l)eds. Its 
cement is calcareous. Inter bedded with it are layers of slightly coherent sand and 
of trass, and sheets of basalt; the latter, in some cliffs, predominating over the 
conglomerate. One thousand feet of the beds are frequently exposed, and the 
maximum exposure on the Prieto is probably 1,500 feet. They have been seen at 
so many points by Mr. Howell and myself that their distribution can be given in 
general terms. Beginning at the mouth of the Bonito, l:)elow which point their 
distinctive characters are lost, they follow the Gila for more than 100 miles toward 
its source, being last seen a little above the mouth of the Gilita. On the San 
Francisco they extend 80 miles; on the Prieto, 10; and on the Bonito, 15. Where 
the Gila intersects the troughs of the Basin Kange system, as it does north of 
Ralston, the conglomerate is continuous with the gravels which occupy the troughs 
and floor the desert plains. Below the Bonito it merges insensibly with the detritus 
of Pueblo Viejo Desert. It is, indeed, one of the 'Quaternary gravels' of the desert 
interior, and is distinguished from its family only by the fact that the. water- 
courses which cross it are sinking themselves into it and destroying it instead of 
adding to its depth." 

The Gila conglomerate occupies about 30 square miles in the southeast corner 
of Clifton quadrangle. It skirts the flanks of the Morenci hills and the southeast- 
em slopes of Copper King Mountain, attaining marginal deviations of about 4,500 
feet, the ridges sloping thence southward, at a grade of 100 to 200 feet to the 
mile, until they abruptly drop off into the canyon of the San Francisco, rKK) to 500 
feet deep. A long bay of this formation extends northward into the mountain 
area, following the western side of San Francisco River up to a point 10 miles 
north of Clifton, where it forms small patches on basalt and rhyolite at elevations 
of 4,500 feet. The thickness exposed near Clifton is 600 feet, while along the 
river canyon, due east of Copper King Mountain, it almost reaches 900 feet. 
Along San Francisco River it does not extend more than 25 miles north of the 
Gila. 

The material of the Gila formation consists almost exclusively of coarse 
subangular gravels, appearing more or less distinctly stratified by nonpersisting 
streaks or lenses of sand, and containing fragments of all of the older rocks pf 
the mountains. In most places basalts and rhyolites predominate, as is natuml 

a Gilbert, G. K., Prclimiuary geological report: U. S. Geog. Sunr. W. 100th Mer., vol. 8, Appendix D, 1874, p. 540. 
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when we consider that at the time when these deposits were being accumulated a 
much larger part of the quadrangle was covered by volcanic flows than at present. 
Other rocks ma}', however, locally preponderate ; thus, for instance, below the 
area of porphyry, a few miles southwest of Morenci, where the gravels consist 
almost exclusively of coarse diorite-porphyry, often, indeed, difficult to dis- 
tinguish from the deeply weathered outcrops of the same rock. Along the 
lower part of Eagle Creek volcanic rocks are extremely abundant in the Gila 
conglomerate, and the dividing line between this and the underlying basaltic and 
rhyolitic tuffs in places becomes indistinct. 

Along San Francisco River and Chase Creek the erosion has in many places 
produced steep or nearly perpendicular bluffs of Gila conglomerate, usually pitted 
by reason of the gradual weathering out of the larger pebbles. Where volcanic 
rocks predominate the conglomerate is often well cemented, and in many places 
must even be blasted along railroad cuts and tunnels. 

From Morenci down to Clifton the gravels are roughly stratified, largely 
subangular, and the pebbles rarely attain over 1 foot in diameter. Volcanic 
rocks, granite, limestone, and quartz porphyry are mixed. They are not greatly 
consolidated, though forming small cliffs in places. The gravels contain a con- 
siderable amount of sand, but it is intimately mixed with the coarse material and 
rai'ely occurs in isolated streaks. The color of the Gila conglomerate is reddish 
to grayish white, especially in places where long-continued exposure has had 
opportunity to oxidize the iron. 

In Ward Canyon the gravels lean up against the steep fault plane along 
which the granite here breaks off. North of the canyon patches of gravel lie on 
the granite at higher elevations of 4,300 feet. These were probably once connected 
with the great table of gravel south of the canyon, which has the same elevation, 
apparently showing that there has been no considerable dislocation of the con- 
glomerate since its deposition. 

The gravel bluffs begin almost immediately below Clifton, where they are 
seen leaning up against granite and basalt (PI. II, A)^ and continue along the 
river for many miles. Excellent exposures are seen 1^ miles l)elow the new 
Shannon smelter, especially on the west side (PI. Ill, B). The sandy riv^er bottom 
is here from 300 to 600 feet wide; in several places there are narrow terraces of 
grav^el, at most 100 feet above the creek. The bluffs, which in places are almost 
perpendicular, rise to a height of about 400 feet; the conglomerate is well 
cemented (railroad tunnels will stand in it without timbering) and is roughly 
stratified by small streaks of sand. On the whole, there is little sand and few 
indications of cross-bedding. The material consists of rhyolite, basalt, granite, 
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and porphyry, all subangular, the fragments attaining 2 feet in diameter, but 
averaging about 8 inches. Some of the material on top of the bluff seems 
better rounded than the rest. South of San Francisco River the same formation 
continues over the undulating foothills down to the Gila, but the pebbles of the 
conglomerate become distinctly finer. At the Gila the formation leans against 
hills of basalt and other lavas. 

Mode of depoHition. — The Gila conglomerate is unquestionably of fluviatile 
origin, and was deposited during an epoch in which the lower reaches of the rivers 
gradually lost their eroding and transporting powers, while disintegration pro- 
gressed rapidly in the mountains. Especially was it active among the loose masses 
of lava, which then covered so much of this quadrangle, from which intermittently 
torrential streams brought down vast masses of the crumbling rocks. The climatic 
conditions were then probablj^ very similar to what they are at present. 

The volcanic outburets of the Tertiary took place under conditions of active 
erosion, the different flows being often deeply dissected before the eruption of 
the next mass. This epoch of erosion doubtless continued for a short time after 
the close of the igneous activity, for we find the Gila conglomerate deposited on 
an uneven and in places deeply dissected surface. A deep and narrow canyon 
was cut corresponding to the present San Francisco River, with a course parallel, 
but about a mile farther west; this is clearly marked by the bay of gravels now 
cut across by Chase Creek between Clifton and the Morenci foothills without 
exposing the bed rock. As far as known, the Gila conglomerate has not been 
wai'ped or dislocated by faulting in this area, though studies extended over a 
wider field may very possibly modify this conclusion. 

Age. — No fossils have been found in the formation. Mr. Gilbert, followed by 
Mr. Ransome, assigns an early Quaternary age to it, and no evidence from this 
region conflicts with this conclusion. 

TERRACE GRAVELS. 

Small benches of terrace gravels appear at a few places along San Francisco 
River and Eagle Creek, especially in the lower part of the stream courses. Such 
gravels are found on Eagle Creek in small bodies 100 to 200 feet above the 
creek in its lower course, and about 50 feet above the creek near the northern 
end of the quadrangle. Similar benches are found along the San Francisco. The 
Shannon smelter is built on one of them, which is exposed 1 mile below Clifton, 
rising 60 to 100 feet above the water level. These gravels, indicating a tem- 
porary check in the erosive power of the stream, are much later than the Gila 
conglomerate, and are referred to the late Quaternary. 
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PRESENT STREAM GRAVELS. 

The most recent Quaternary formation is the alluvium contained in San 
Francisco River and Eagle' Creek. lioth streams are well graded and occupy a 
continuous strip of sandy and gravell\' l)ottom land, sometimes, however, narrow- 
ing to a width of only loO or 200 feet. Just below Clifton the sandy alluvium 
of San Francisco River attains the unusual width of 2,000 feet. 

INTRUSIVE ROCKS. 
GENERAL STATEMENT. 

Granting intrusive origin to the basal pre-Cambrian granite, there is a second 
and much younger series of igneous rocks contained as stocks, dikes, sheets, and 
laccoliths in all of the lower Cretaceous, Paleozoic, or pre-Cambrian formations. 
The time of intrusion of these falls between the middle Cretaceous and the middle 
Tertiary periods, but they far antedate the Tertiary lavas, which are spread out 
over their eroded surface. Porphj^ries of granitic, monzonitic, or dioritic affilia- 
tions predominate; diabase occurs in subordinate amounts and would appear to 
be somewhat later than the porphyries. The great dislocations followed these' 
intiiisions. 

PORPHYKIES. 

General charmter and distribution. — The porphyries fonn an almost continuous 
series of light-gray iacidic or predominatingly feldspathic rocks, ranging from 
diorite-porphyry through monzonite-porphyr}^ to granite-porphyry. Between the 
last two divisions no line can be drawn, but the diorite-porphyry occupies a 
somewhat more individual position. 

The area covered by porphyry on the general map (PI. I) hardly amounts to 
9 square miles. The rock is extensively developed in the Morenci hills between 
Eagle Creek and Chase Creek, but also reaches up from the canyon of the latter 
on the north and the east flanks of Copper King Mountain. 

The principal area forms a stock extending with jagged contacts for 7 miles 
in a northeast direction from the Eagle Creek foothills by Morenci to 1 mile 
northeast of Metcalf, where it splits up in very numerous dikes, all having a 
northerly or northeasterly trend. The northern half of this stock and its dikes 
is chiefly contained in granite, while the southern part is surrounded by Cretaceous 
shales and sandstones, Cambrian quartzites, or Ordovician limestones, ^nd breaks 
up into a complicated mass of dikes and sheets near the point where the rocks 
dip below the basalts, which fill the valley of Eagle Creek. A narrow dike, 
breaking through Cretaceous sediments, connects this area with an oval mass of 
porphyry containing li square miles, and almost entirely surrounded by slightly 
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upturned Cretaceous sediments. This mass is evidently a laccolith. Dikes and 
rounded masses of the same rock are contained in the gently rolling Cretaceous 
area east of this laccolith. 

At Shannon Mountain and Morenci, where the porphyry adjoins Paleozoic 
strata, the latter close to the contact contains a number of well-defined dikes. 
A persistent sheet of porphyry follows in places the division plane between 
Coronado quartzite and Longfellow limestone. Again, in the western portion of 
the great stock, the latter breaks up into a network of dikes and sheets^ chiefly 
intercalated between the Ordovician strata. North of Metcalf, in Garfield GulcfiT 
and at the foot of the great lava masses of Malapais Mountain, are several smaller 
areas of porphyry, appearing as stock-like masses in granite, but frequently 
changing to sheet intrusions wherever in contact with limestones. 

Summing up, it may be said that porphyries preferably occur as stocks and 
dikes in the granite, while in the Paleozoic sediments they are apt to take the 
form of sheets or sills. In the Cretaceous sediments again the tendency is to 
form laccolithic masses, probably because of the lighter weight and greater 
flexibility of superincumbent sediments. 

The northeastern half of the principal stock, from Morenci to Metcalf, consists 
of granite-porphyries distinguished by large porphyritic quartz crystals. Many 
of the dikes, also, conform to this type. From Morenci to near the southwestern 
end of the stock the prevailing rock consists of monzonite-porphyry, containing 
quartz chiefly in the groundmass; the same is, as a rule, true of the dikes near 
Morenci; while the smaller areas inclosed in the mesh of altered sediments near 
the Eiagle Creek basalt, as a rule, consist of diorite-porphyry. Diorite-porphyry 
also makes up the great laccolith mass in the southwestern foothills and the dikes 
in that vicinity; it also appears in Garfield Gulch and near the head of Placer 
Gulch. 

Granite or monzonite-porphyry then chiefly occurs as stocks or dikes, while 
diorite-porphyry forms most of the sills, sheets, and laccoliths. 

Petrography of the granite-porphyries. — As stated above, the northern end of 
the great porphyry stock from Morenci to beyond Metcalf consists of granite- 
porphyry, forming a belt from 1 to 2 miles wide. Within this area the rocks 
are almost universally affected by the introduction of quartz, pyrite, and sericite. 
The yellowish or reddish-brown outcrops, tinted by oxidizing pyrite, are apt to 
appear in extremely rough forms, well shown near the mouth of King Gulch, at 
Metcalf (PI. VII, A), Fresh rock is almost impossible to obtain, the best being 
bleached and traversed by a network of quartz vein lets. Specimens from a rail- 
road cut just south of King Gulch show on fresh fracture pale-greenish-gray 
color and contain closely massed dull-white feldspar crystals, at most 2 or 3 mm. 
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in length. There are also well-defined bipyramidal quartz crystals several milli- 
meters in diameter, and sparingly represented biotite crystals converted into 
chlorite. 

The groundmass is fine grained, and now consists chiefly of sericite and 
quartz; sericite has also largely invaded the feldspar phenocrysts, especially the 
orthoclase. The feldspars consist partly of orthoclase and partly of sharply 
defined albite crystals. A partial analysis of this rock by Dr. W. F. Hillebrand 
gave the following percentages: SiO„ 69.13; CaO, 0.22; Na,0, 3.01, and K,0, 3.94. 

Besides a large amount of quartz the rock would thus contain 23.5 per cent 
of the orthoclase molecule, 25.1 per cent of the albite molecule, and 1.1 per cent 
of the anorthite molecule. It clearly belongs to the granite-porphyry, the large 
amount of individually developed albite being especially notable. 

The stock at the head of Placer Creek is similar in character, but the rock is 
fresher and contains more biotite as well as a little secondary epidote, a mineral 
which is absent in the porphyries of the Metcalf basin. Its presence indicates an 
approach to monzonitic and dioritic modifications. Many of the dikes east and west 
of Metcalf also belong to the granite-porphyries, though quartz-monzonitic facies 
are more common. One dike at Las Trajas mine, a mile south of the Coronado vein, 
is especially rich in quartz. 

Petrography of the qivartz-monzonite-porphyries, — The rocks of the great stock 
at Morenci and Gold Gulch basin, together with many dikes, belong to this type, 
which, as well as the preceding division, have a close structural and genetic con- 
nection with the ore deposits. North and northeast of Morenci quartz cementation 
and pyritic dissemination are generally present and often accompanied by exten- 
sive sericitization. In this area the outcrops are reddish or yellowish red, and 
weather in irregular craggy form. The rock is most typically developed in the 
Gold Gulch basin, where mineralization is slight or absent. Here it disintegrates 
easily to a sandy, yellowish soil and slightly rounded outcrops; entirely compact 
and fresh rocks are not easily found. Specimens from the divide between Gold 
Gulch and Morenci Canyon, due west of Morenci, are light colored, with fairly 
abundant greenish biotite foils up to 2 mm. in diameter; the feldspar prisms of 
light-yellowish-gray color are closely massed and reach a length of 3 to 4 mm. , while 
the quartz phenocrysts rarely attain 2 mm. in diameter and show no well-defined 
bipyramidal fonn. 

Under the microscope orthoclase, albite, and oligoclase, with an occasional 
crystal of labradorite, are shown to be present. The plagioclastic feldspars often 
show well-developed zonar structure. The groundmass is coarsely microcrys- 
talline, consisting of quartz and nonstriated feldspar grains, with occasional 
octahedrons of magnetite. Sericite is present in the feldspars, while chlorite has 
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formed from the biotite; a little secondary epidote also occurs. A partial analysis 
of this rock gave: 

Partial analysis of No, 10, Clifton collection, 

[W. F. Hillebrand, analyst.] 

Per cent 

810, 69.30 

CaO 1.67 

Na,0 5.56 

K,0 2.39 

Similar porphyries make up the largest part of Copper Mountain and form 
the matrix of the chalcocite ore, but, as a rule, sericitization prevents exact 
determination. 

The freshest porphyry obtainable was collected in the first level of the Ryer- 
son mine in the crosscut to the Wellington vein, 100 feet north of the Ryerson 
stopes. The rock is similar to the one just described, though not quite as fresh. 
It shows the same closely massed, small, usually striated feldspar prisms; a few 
small and greenish biotite foils as well as some inconspicuous quartz phenocrysts 
are seen. All these constituents are embedded in an abundant light-greenish-gray 
flinty groundmass. The feldspar phenocrysts consist of albite and oligoclase, with 
some orthoclase. The groundmass is fine-grained microcrystalline, with much 
quartz and orthoclase. Accessories are apatite, titanic iron ore, and zircon. 

Of secondary materials sericite, epidote, chlorite, serpentine, and pyrite are 
present in moderate amounts, but their presence would not seriously alter the 
composition of the rock. As this specimen would seem to most closely repre- 
sent the prevailing rock of Copper Mountain, it was analyzed, with the following 
result: 

Analysis of quartz-monzonite-porphyry from Ryerson mine; No. 211, Clifton collection, 

[W. F. Hillebrand, analyst.] 

Per cent 

SiO, 68.04 

AlA 17.20 

Fe,0, 34 

FeO 67 

MgO 1.05 

CaO 2.21 

Na,0 5.33 

K,0 2.65 

H,O-100°. , 60 

H,O-|-100° 1.23 

TiOa 41 

ZrO, : 01 

CO, None. 

16859— No. 43—05 6 
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fvn l:i 

Mu() i*i 

ru^ ) 10 

«*r< > • i3 

\aJ ) Faint rraoe? 

V^< I., Faint trai*. 

F*S. " 24 

Cn^ *" ' ifl 

Zn^i ' ' i):j 

>f «'>' >j None. 

i««».:m 

A fairly large amount of CafJ and a -ttrong preprinderam-e uf sodium dis- 
tinguishes this pr>rj)hyrv from that of the Metittlf type. A rough calculation 
?*howH the rfK-k to contain: 

Perrjmtagf of minernfji in quart z-m/mzoniU-jt€Frphf/r if /rnm 7?»/<Ti»>»i mijit. 

(fTthftclfi^ molerule 16 

Albite iiiolemilf 4o 

Anorthit*; ruolHriile ^ 10 

Biotitfj 6 

(^lartz 22 

Titanic iron ore I 

100 

While exfU'X data can not be obtained, the rock probebh' contains equal 
quantities of orthoc'laMC (most)}' in groundmass) and albite, aggregating 38 per 
cent against 24 per cent Ab,An. 

It would thurt represent an almost typical quartz-monzonite-pK>rphyry, 
api>lying Professor Brr^gger's d(*finition of the granular rocks to their porphyries. 

iSiniilar porphyries fresh enough to l>e determined were noted from the 
I^mgfellow mine and from the stojx* level of the Copper Mountain mine at the 
head of the incline (Nos. 10, 211, 233, 220, VJl of Clifton collection). 

A gnwlual increase in c^lrium, iron, and magnesium brings us to another series 
of (|uartz-nKmzonite-{)or|)hyries, similar in appearance to those just described except 
that hornblende sometimes occurs with the l)iotite, and that the fine-grained flinty 
groundmass is of a darker-greenish color. Quartz is not present as phenocrysts. 
This kind of iKirphyry is not represented in the great stock, nor in any other 
large areas, but is common among the dikes. 

»0.14 i>er cent H.; condition of xine and copper problematical. 
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To this class belong some dikes in the second level of the Arizona Central 
mine at Morenci, one occurring near the breast of the Hudson crosscut and the 
other on the northwest wall of the Arizona Central vein, 200 feet northeast of 
the shaft. Both are grayish-green porphyries with small and closely massed, but 
inconspicuous, feldspar cr3'^stals. The rectangular prisms consist chiefly of 
andesine; there are a few small quartz grains and fairly abundant prisms of 
hornblende; the groundmass is microcrystalline, fine grained, in places micro- 
poikilitic, and evidently contains orthoclase. Of secondary minemls epidote and 
pyrite are the most prominent. 

The long and prominent dike cutting across southward from Modoc Mountain 
(see p. 128) consists of a similar rock. The abundant phenocrysts are andesine 
and oligoclase, with some orthoclase. The ferro magnesian silicates are mostly 
decomposed, one prism of hornblende, now converted to chlorite and epidote, being 
noted. The groundmass is microcrystalline, consisting of quartz and unstriated 
feldspar. Some sericite and much epidote are present, the latter here and there 
replacing whole feldspar crystals. 

Many dikes east of Chase Creek also belong to this class; for instance, that 
which is followed by the Copper King vein. 

Under this heading may aLso be described an unusually fresh dike rock 
from the Montezuma mine, Morenci, Waters shaft level, 135 feet northwest of 
the main vein. In thin section it shows well-defined and abundant phenocrysts of 
andesine up to 2 mm. in length, while there are few, if any, orthoclase crystals. 
Both hornblende and biotite, with a few grains of black iron ore, are present. 
The groundmass is microcrystalline, consisting of quartz and minute prismatic 
feldspar cr}- stals, the latter irregularly distributed within the small quartz grains. 
As usual, the biotite is converted to chlorite and some epidote, the latter also 
replacing some of the andesine; some calcite is present in groundmass and pheno- 
crysts, but very little sericite was noted. 

Petrography of diorite-porphyri^s, — These rocks have usually a light-yellowish 
or greenish-gray color, weathering to dull brownish yellow; the\^ form rounded 
outcrops with sandy soil, the abundant detached fragments being generally also 
rounded, but rather by disintegration than by transportation. The Gila con- 
glomerate below these porphyry hills consists nearly exclusively of the same 
cobbles. The diorlte-porphyries, as stated above, preferably form laccolithic 
masses in Cretaceous sediments, or sheets or sills, more rarely dikes, in the 
Paleozoic strata. A favorite place of intrusion of these sills is between the 
Coronado and Longfellow formations. 

The dome-shaped hill at Morenci, almost due south of the smelter, forms an 
excellent example of the occurrence and type of this rock. A specimen (No. 15, 
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Clifton collection) of this rock shows abundant prisms of white feldspar up to 4 mm. 
in length, and of narrow dark -green hornblende up to 1 cm. in length, together 
with a few grains of l)lack iron ore. These phenocrvsts are embedded in a 
scant greenish groundmass. In thin section the beautifully developed feldspars 
prove to be a rather basic* labradorite with zonar structure; the hornblende is 
of ordinary greenish-brown color, while the groundmass consists of small, thick 
rectangular prisms, in part orthoclase; between these is a still finer microcrystal- 
line mass of unstriated feldspar and ([uartz. Small amounts of chlorite and 
epidote are present, but no pyrite. A partial analysis runs as follows: 

Partial analijm of Ao. 15, Clifiou rolltction. 

[\\. F. Hillebrand. analyat.] 

Per cent. 

SiO, 61.20 

CaO 5.11 

Na,0 5.70 

K,0 1.35 

Typical specimens from the porphj-ry 1 mile north of the point where Gold 
Gulch enters the Eagle Creek basalt flows form an exact counterpart of the above 
description. This porphyry forms a complicated stock-like intrusion in the Long- 
fellow limestone. In reality it is probably a sheet with many intercalated and 
parallel strata of limestone. Entirely similar are the rocks from one of the small 
laccolithic masses in Cretaceous strata 2 miles southwest of Copper Mountain, 
and the large laccolith 3 miles south-southwest of Copper Mountain conforms to 
the same type. 

The. porphyry from the small stock on Garfield Gulch at the Mammoth mine 
is perhaps rather a monzonite-porphyry. It is slightly brownish in color and 
contains abundant small and well-defined crystals of a triclinic feldspar well filled 
with sericite and calcite, probabl}' andesine, together with pseudomorphs of epidote 
and chlorite after hornblende in a microcrystalline groundmass of unstriated 
feldspar and quartz. 

Fine-grained dark-green (melanocratic) porphyries do not occupy large areas. 
A sj^ecimen collected 2 miles southwest of Copper Mountain, near the contact of 
the great stock with the Cretaceous rocks on the south side, is of this kind and 
contains many slender hornblende needles. Under the microscope these prove to 
be of pale-green color and partly altered to bastite, while the groundmass consists 
of long prisms of feldspar, probably labradorite, together with small needles of 
hornblende and a little magnetite. This type properly belongs to the dike rocks 
and the dioritic lamprophyres. 

The diorite-porphyries rarely contain copper ores and seldom pj^rite; chlorite, 
much epidote, calcite, and a little sericite are the principal secondary minerals. 
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Age, — Petrographically it is not possible to separate the different classes of 
porphyry described above except by artificial lines. Geologically the same applies; 
beyond question they solidified from one magma, intruded about the same time. 
While it may not be advisable to draw too wide-reaching conclusions from the data^ 
it would seem as if the deeper parts of the magma were the more acidic, while the 
upper and marginal parts more nearlj' approach dioritic types. The magma invaded 
the upper crust after the deposition of the Cretaceous beds (equivalent to the 
Benton), and the probably late Tertiary lavas flowed over their deeply eroded 
surface. Hence, we may safely place their eruption in the later Cretaceous or in 
the earliest Tertiary. No part of the areas now exposed ever reached the surface 
as it was at the time of intrusion. The magma invaded Cretaceous beds, and we 
may be sure that a considei*able thickness of similar beds once xjovered the now 
exposed laccoliths. How much, it is impossible to say. The Cretaceous at the 
present time is only a few hundred feet thick, but as the Bisbee beds exceed 4,000 
feet in thickness the possibility of solidification at that depth must be conceded. 
On the other hand, it does not seem at all likely, from what we now know of the 
geology of this region, that the magma was covered to a depth much greater than 
4,000 feet. 

Contact metamorphiam, — While the diorite-poiphyries have changed the sur- 
rounding sedimentary beds but little by the heat and emanations of the magma, 
the quartz-monzonite-porphyries and the granite- porphyries have generally exerted 
a profound alteration, especially in the Paleozoic limestones and shales. On 
account of its great importance, this subject will be discussed in a separate 
chapter. The contacts are sharp, and there is no evidence whatever of assimila- 
tion of the sediments by the intrusive magma. 

DIABASE. 

DiHtribution. — A dark-green medium-grained rock which proves to be diabase 
occurs in scant development as dikes and, more rarely, as sheets in widely distant 
places. Occasional dikes are found in the Gold Creek basin in monzonite- 
porphyry; at the Virginia, Trinidad, Brunswick, and Garfield mines at or near 
Garfield in granite; at the Coronado mine between granite and quartzite, and, 
finally, in the lower part of Sycamore Creek as an intrusive sheet or horizontal 
dike in granite. In no place are the dikes more than 100 feet wide, and usually 
they are much less. They are connected with a class of fissure veins carrying 
copper, but it is only a small division, containing as its most important repre- 
sentative the Coronado vein. In development and interest the diabase of the 
Clifton district does not begin to equal the occurrence at Globe, Ariz., so well 
described by Mr. Ransome. ^ 

a Prof. Paper U. S. Geol. Survey No. 12, 1903. 
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Petroffrnphy, — The freshest rock is exposed in Sycamore Gulch, where there 
are no copper deposits connected with it. The rock forms dark-gray rounded 
outcrops and is a typical medium-grained diabase, chiefly composed of labradorite 
and augite with normal diabase structure. 

The Coronado vein (p. 389) follows in part of its course a diabase dike up 
to 70 feet wide, but the rock is usuall}^ greatly altered. A specimen from a 
small vein 200 feet a}>ove the Horseshoe shaft and the same distance south of 
the main vein is .fairh' fresh and is a typical tine grained diabase. Although 
much augite still remains between the feldspar prisms, most of it is converted 
into chlorite. The feldspar contains some sericite. A little pyrite is also present. 
Rocks from the dike along the main vein are dull dark green and very much 
altered, showing lath-like sericitic feldspars, chlorite replacing augite, and leu- 
coxene replacing ilmenite. 

The Black lode (p. 360) follows a diabase dike up to 40 feet wide, similarly 
altered, and the other occurrences mentioned under the heading "Distribution" 
are also of the same type. 

Age. — As a dike of diabase breaks through porphyry in Gold Creek basin, 2 
miles d,ue west of the railroad station at Morenci. it seems likely that the diabase 
is somewhat later than the ix)rphyrj% but it is not probable that the time of 
their eiiiptions differed much. 

THE TERTIARY LAVAS. 

General statetnent. — North of Clifton the Tertiarv lavas cover enormous areas. 
The southern edge of the great lava fields, which probabl}- extend northward for 
100 miles up to the San Francisco Mountains, is located a few miles north of 
Metcalf; besides, the same eruptive rocks practicalh' cover the eastern side of 
San Francisco River down to the latitude of Clifton and the whole vallev of 
Ekigle Creek down to Gila River. Within the central parts of the mountains 
containing the copj^er deposits they are almost absent. In some places erosion 
may have removed them, but it is not likely that they ever covered the domes 
of Coronado and Copper King mountains. Their age can not be determined with 
exactness, but many considerations point to the late Tertiarv as their time of 
eruption; Copper deposits do not occur in them, though a little native copper is 
reported from an amygdaloid basalt in Sardine Creek. They have suffered ver^^ 
little from the great faulting movements which in the main must have preceded 
their eruption. Of little importance in a study of the metalliferous deposits, thej^ 
will be briefly passed over in this report, a fuller account of them being reserved 
for the t^xt of the Clifton folio. 

Succession, — A repeated succession of rhyolite and basalts with subordinate 
andesites characterizes the Clifton volcanic series. The eruptions began by rhyo- 
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lites, massive and tuffaceous, which now form the reddish bluffs on l)oth sides of 
the town of Clifton. This rhyolite, which in reddish groundmass carries small 
phenocrysts of feldspar, quartz, and biotite, is somewhat different in appearance 
from the yellowish -gray, more normal, succeeding rhyolite eruptions. A partial 
analysis by Mr. George Steiger gave the following percentages: SiO,, 67.37; CaO, 
1.55; NajO, 2.16, and K,0, 5.96, showing that this rock stands in a peculiar man- 
ner between the true rhyolites, the dacites, and the trachytes. The rhyolite was 
covered with black fine-grained basalts, over which poured out heav}^ sheets of 
gray or brown pyroxene-andesites, sometimes containing olivine. This is well 
exposed in the bluff northeast of Clifton. A few miles farther north, on the 
river, this is covered by thick flows of scoriaceous basalt, having their origin 
somewhere near Sunset Peak and thinning out very much along the river. 

A second eruption of rhyolite took place, this time in the form of light- 
yellowish or brownish tuff breccias. Most of these seem to have flowed down from 
the upper river, 10 miles north of Clifton, but there was also one local eruption 
of massive rhyolite near the mouth of Hackberr}- Gulch, a few miles north of 
the town. 

This eruption was succeeded by numerous basalt flows, aggregating 1,500 feet 
in thickness, well exposed by the deep trench of Sardine Creek, north of the 
area shown on PL I. These basalts also show in dark-brown outcrops on the 
north side of Garfield Gulch, though they are there only about 300 feet thick; 
they also form the basement of Mount Malapais. To the same epoch belong 
probably also the basaltic flows which form the whole southern valley of Eagle 
Creek and the high ridges west of it. A considerable epoch of erosion followed 
after the second great basaltic eruptions; Eagle Creek excavated its canyon to a 
depth at least as great as it has attained at present, and the northern basalt hills 
were deeply trenched. 

After this followed the third and last great rhyolite eruption, which appears 
to have originated from the high points near Mount Malapais and the summits 
near the head of Whitewater Creek. The \'ello wish-gray masses of tuff breccia, 
similar to those of the second rhyolite eruption in San Francisco River, poured 
down westward, covering the upper basin of Eagle Creek and, narrowing down 
to a thinner stream, filled the lower basalt canyon of Eagle Creek. Renewed 
Quaternary erosion has reexcavated the trench, but along its steep buttresses 
enough of • the rhyolite tuff remains to show the former configuration of the 
country. These bluffs, illustrated in PI. IV, B^ are very picturesque, the pleas- 
ing bright green of the cottonwoods and sycamores lining the watercourse 
appearing in sharp contrast against the glaring and arid desolation of the 
volcanic cliffs. 
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STRUCTURE. 

GENERAL STATEMENT. 

As indicated in fig. 1 (p. 28), the Territory of Arizona presents three physio- 
graphic regions, divided b\' northwest and southeast lines. The northeasterly 
area comprises the high plateau region, characterized by undisturbed stratification 
of beds ranging from the Cambrian to the Cretaceous. The central or mountain 
division contains a great number of often high but usuall}' narrow ranges trending 
north and south or northwest and southeast and separated by debris-filled valleys. 
In the southwesterly or desert division the valleys are more extensive, while the 
ranges trending northwest are shorter and less conspicuous. 

In fig. J the line between the plateau and mountain provinces is drawn a 
few miles north to Clifton. While this is probably correct, the basaltic lavas 
cover so much of the older rocks that the limit can not be accurately defined. 
Neither is the mountain region well defined in this vicinity, for no distinctly 
trending ranges can be identified. Perhaps it would be most accurate to define 
the region as the broken-down edge of the plateau. A glance at the map shows 
the multitude and importance of faults; a more careful search will show that the 
Tertiary volcanic rocks and the Gila conglomerate have not participated in the 
faulting movement,^ which practicall}'^ was confined to one epoch falling between 
the intrusion of the porphyry (latest Cretaceous or earliest Tertiary) and the 
eruption of the lavas (late Tertiary). 

DISLOCATION DUE TO INTRUSIONS. 

During the unbroken period of sedimentation from the Cambrian to the 
Carboniferous the strata remained horizontal. The unconformity between the 
Cretaceous and the Carboniferous is not strongly marked and, during the deposi- 
tion of the former, the older strata preserved an approximately horizontal 
position. The first marked disruption of the stratified formations (which were 
1,2()0 feet thick, at least, and probably much more, for the original depth of 
Cretaceous sediments is in doubt) occurred at the intrusion of the porphyry. 
That this movement was most violent can not be doubted, for a body of magma 
7 miles long by 2 miles wide is not intruded in the basement granite and over- 
lying sediments without seriously affecting the position of the latter. The magma, 
which probably did not reach the surfa(»e, must have bulged the uppermost 
Cretaceous strata; it certainly dislocated the Paleozoic rocks extensively, injected 
itself between the beds, and tore large parts away from the edges of the 

a Thi8 l8 not strictly accurate, an a few minor faults have been obnerved in the baftaltic flows, and at least one fairly 
large fault was observed in the great volcanic area northeast of Sardine Creek. But for practical purposes the statement 
holds good. 
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fractured masses. The effects of these dislocations by intruding magma arc best 
seen in the confused geological structure of the lower Gold Creek basin. 

A most important structural line was determined by this intrusion. The 
direction of the stock was northeast, and the dike system at its northern end, as 
well as the mineral lodes formed later, followed the same strike. Certain prom- 
inent fissures with northeast strike, soon to be tilled with cupriferous minerals, 
were opened shortly after the intrusion, and somewhat later began the principal 
faulting movements, the general results of which consist in a settling and breaking 
down of the edge of the mountains toward Gila Valley. 

FAULTING. 

The faults appear most abundant in the sedimentary area, partly because 
more easily identified there by aid of the members of a comparativelj- thin 
series of strata. This difference is partly due, however, to the fact that the two 
principal granitic areas, Coronado and Copper King mountains, occupy positions 
of resistant buttresses between which the fractured sediments have settled. In the 
porphyry stock there are undoubtedly many faults which have not been recognized. 

The fault planes divide the sediments into blocks of varying extent and 
shape; these are nearly alwaj-j/monoclinal and have gentle dips prevailingly to 
the west and north, rarely to the south and east; they average about 12^, while 
dips of more than 30^ are very seldom encountered. 

CHARACTER AND DI8TRIBLTION OF FAULTS. 

The faults are not difficult to trace in the sedimentary area^s, for the different 
strata are ordinarily easily identified; the larger dislocations often, but by no 
means always, carry contact breccias, the best instance of this l>eing the great 
Coronado fault. In places where the exposures are ' exceptionally good, as, for 
instance, south of Modoc Mountain, Morenci, a multitude of small dislocations 
maj" accompany the larger faults and it is sometimes difficult to decide which to 
represent on the map and which to leave out. The minor dislocations have seldom 
left any traces on the topography, except that they are sometimes, as near 
Morenci, followed by gulches; but the large faults around the buttresses of Coro- 
nado and Copper King are certainly still tnarked by precipitous bluffs. The 
best instance of this is seen back of the small limestone mass at the eastern foot 
of Coronado Mountain. 

The faulting is in most cases of a normal character, implying a relative 
downward movement of the hanging wall. The sections (PI. I) give convincing 
evidence of this. The strike of the fault planes varies greatly, but the two or 
three principal dislocations have an east-west or a northeast-southwest direction. 
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There is another syst^Mii striking northwest-southeast, as shown near Morenci, but 
the planes dividing the sinaHer fault blocks are apt to take any direction. The 
faulting appears to have been eontined to one epoch, the larger blocks naturally 
breaking first. The dip or hade of the dislocating planes is generally steep — 
over 60^ from the horizontal. In places flatter faults are met with, especially 
outside of the area shown in PI. I, and some of them are of ver\' peculiar char- 
acter, the limestone having been separated from the underl\'ing quartzite and 
draw^n down over the more resistant granite. 

Beginning from the north, the great dome of Coronado Mountain, partly 
covered with gradually curved quartzite areas that bend down to the west and 
north, breaks off to the south and east b}' the Coronado fault. This at first has 
an east-west direction, but nearer Chase Creek evidently swings aiound northeast 
and is traceable to a point just west of the junction of (iarfield (iulch and Chase 
Creek. The vertical throw is at least 2,CK)0 feet in Horseshoe Gulch, where the 
fault is first seen emerging from under the covering Imsalts; 2 miles farther east 
it has decreased to l,20o, increasing again to 2,(MH) feet at the point where the 
dislocation dips under the volcanic masses north of Garfield Gulch, alwaj's count- 
ing the vertical distance between the }»ase of the quartzite on the summit and that 
in the down-thrown block. The actual displacement on the fault plane may have 
been less on account of distributed movement in the granite, which is in part 
sheeted, but the prominent and imposing bluff along the lower slopes of the moun- 
tain indicates that most of the movement took place within a verj^ short horizontal 
distance. The continued steep slope of Coronado Mountain west of Horseshoe Gulch 
indicates a prolmble continuation of this dislocation, now swung in a west-north 
west direction. Wherever determinable, the hade of the fault is from 45^ to 70^ 
south or east. Complicated fault blocks fill the "graben"- or deep stinictural depres- 
sion about Metcalf, and then the Coronado quartzite (which, on account of its 
position on the granite and its frequent preservation, it is well to select as a 
guiding horizon) rises again, by step faults, and prolmbly also by bending, to the 
summit of the second buttress, the northeasterlv trending Copper King Ridge. 
No quartzite remains on top of Copper King Moiuitain, but it is preserved, at 
elevations of 5,800 feet, on the same ridge north of Sycamore Creek, and no great 
error is likely to occur in assuming that the sunjmit mentioned (elevation 6,825 
feet) is near the now eroded base of the Coronado quartzite. 

The thrown block south of the Coronado mine is extensively broken by small 
faults, but on the summit of the ridge the quartzite continues almost level for 2 
miles southward. Here the quartzite bloc*k ends and a precipitous slope of 
granite leads down about 800 feet to the level of the porphyry ridges connecting 
with Copper Mountain at Morenci. This escarpment probably represents the con- 
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tinuation of an important east-northeast dislocation, definitely recognized at the 
Cayuga and Soto prospects in Pinkard Gulch; it forms a second important step 
down from the heights of Coronado to the plains of the Gila. From the Soto fault 
down along the Eagle Creek foothills to the great porphyry laccolith, no important 
faulting has been recognized. This ma}* be partly due to the great difficulty of 
identifying horizons in the confused mass of porphyr}- and detached sedimentary 
fragments. The Soto fault has not been traced across the porphyry at Chase 
Creek; in fact, east of that stream the movement, as explained above, took place 
in an opposite direction by downthrow of the northern blocks, on account of the 
resisting buttress of Copper Mountain. 

About a mile northeast of Morenci the great Concentrator fault is encoun- 
tered. Granite and quartzite have been brought in juxtaposition by this for a 
vertical distance of 1,000 feet from the bottom of Chase Creek ("anvon to the 
summit of the hill at the Arizona Copper Company's concentrator. It is accom- 
panied by manj'^ step faults to the south until, on the east slope of Modoc Moun- 
tain, the quartzite has regained its position in the regular series there exposed. 
Here the movement on the principal plane has evidenth' been greater, graduallj^ 
diminishing by step faults southward (PI. I, pocket). The Concentrator fault con- 
tinues across Chase Creek Canyon, mpidly gaining in vertical throw as the 
buttress of Markeen Mountain is approached. At the southerly foot of this 
mountain, east of Chase Creek, the down-thrown quartzite block is visible 
and has suffered a dislocation of at least 2,000 feet. The same fault line 
now crosses under the Gila conglomerate to Oroville and, still hidden, con- 
tinues on the northwest side of the San Francisco River in a north-northeast 
direction for several miles to Sycamore Gulch, beyond which it can not be 
traced. Although the actual fault plane is covered, the presence of the disloca- 
tion is ampl}' proved by the Longfellow limestone, which is exposed for several 
miles along the bed of San Francisco River, indicating a vertical throw of 
3,000 feet, the greatest thus far shown in the district. The up-thrown block is 
marked b}- a precipitous wall of red granite, magnificently exposed for 6 miles 
along the west side of the river. Step faulting n)ay possibly have occurred, but 
no trace of it remains and the sections indicate a dislocation confined within 
small horizontal distance. 

The Concentrator fault can not be traced far eastward into the porphyry stock 
north of Morenci. Southward of it, in the Morenci foothills, the sedimentary 
series is broken into blocks by three principal and man}- smaller northwest faults, 
along which div^ers displacementij have taken place (PI. I). At the point in 
Chase Creek where the Morenci road turns up the hillside there is exposed on 
the east side of the canyon a very excellent illustration of the breaking up of 
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the strata into blocks; a small area of Coronado quartzite has become detached 
from the main mass on the ridge above and settled down along fault planes 
almost to creek level (PI. V, B). 

ORIGIN OF MOXOCLINAL BLOCKS. 

In the preceding pages the dip of the stratification in the blocks has not 
been considered, but in explaining the structure it is a factor which must not be 
overlooked. An rnclination of the strata may be due to initial dip; this is not 
likely to have application in the present case, except possibly in the lowest strata 
of the Coronado quartzite. The intrusion of porphyry would seriously affect the 
sedimentary beds, at least in the immediate vicinity of the larger stocks. Many 
such disturbances are formed along the contact at Morenci, the principal one 
probably consisting in bringing up the underlying quartzite more or less contin- 
uously all along the edge of the porphyry. Similar lifting and tilting of the 
beds by sheets and laccolithic masses are common in the Gold Creek basin and 
around the contacts of the great laccolith southwest of Morenci. 

But aside from these local causes there is, as explained alK)ve, a universal 
monoclinal tilting present in nearly all of the blocks and usually directed toward 
southwest, west, or northwest, more rarely to other points of the compass. It 
is impossible to explain this by assuming breaks in horizontal beds followed by 
normal faulting, though unequal settling may have produced local and irregular 
dips. The question is an important one for many districts of the West, and 
this locality seems to offer at least a partial explanation of the modus operandi 
of this structural movement. On the great buttresses, especially on Coronado 
Mountain, detached masses of the Coronado quartzite occur, resting on the basal 
granite. It is found that these do not lie horizontal, but dip like the rest of the 
series at angles of 10^, 15°, and even 20^. In other words, the granite has been 
deformed as well as the sedimentary series; it has evidently acted as a some- 
what plastic body, and its surface, as well as the covering beds, has suffered 
dome-shaped warping or gentle folding before the breaks and the settling of the 
block occurred. The ultimate cause of these movements still remains a subject 
of speculation. 

AGE OF THE FAULTING. 

The folding and dislocations took place after the intrusion of the porphyry 
and a long time before the principal lava eruptions, for a j^eriod of very active 
erosion preceded the Tertiary volcanic flows, and the orographic movements 
imply a somewhat plastic condition of the granite only possible under a con- 
siderable load. The faulting then falls between latest Cretaceous and middle 
Tertiary. The age of the minor masses of diabase occurring in this region 
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compared with that of the faults is less certain. The diabase appears to be 
somewhat younger than the porphyry, and its intrusion may have occurred 
almost simultaneously with the faulting. 

At Globe," in central Arizona, where similar extensive shattering has taken 
place, Mr. Ransome finds that the principal faulting has taken place after the 
eruption of certain dacitic surface lavas, but before the deposition of the Gila 
conglomerate and certain associated basalts. The time of this faulting is tentatively 
placed in the middle of the Tertiary period. In this region there are only small 
areas of rocks comparable to the dacite of Globe (p. 87), and these represent the 
earliest eruptions of Tertiary lavas. It is not possible to state with positive assur- 
ance that the faulting preceded the earliest rhyolitic eruption, but the probability 
that it did so is very great. 

Repeated faulting on a small scale took place after the lava eruptions, and 
possibly even after the deposition of the Gila conglomerate, but it is entirely 
subordinate compared with the earlier period of intense movement. 

GEOIiOGICAIi HISTORY. 

The oldest records are less well preserved than in other parts of Arizona, 
but still reach back to pre-Cambrian times, when a low, gently undulating land 
area of red coarse granite, with more prominent points of harder quartzitic 
schists, spread out where the hills of Morenci and Coronado now lift their summits 
high above the sea level. Dim indications point still further back to a far older 
basement on which these quartzite schists were deposited, to mountain building 
forces which compressed the sediments, lifted them and rendered them schistose; 
to an intrusion of red granite which almost engulfed the sediments; and to a 
long period of erosion which planed down the rough topography, produced by 
the orogenic forces, to the smooth outlines of the undulating plain referred to 
above. Animal and vegetable life probably did not grace that barren land, but 
the rains and the storms beat on its surface then as now, for underneath the 
covering sediments is clear evidence of weathering, disintegration, and oxidation. 

At first streams flowed over its surface, accumulating in their beds pebbles 
of resistant quartzite from neighboring areas. The uneven distribution of this 
basal conglomerate proves that the land area was somewhat accentuated, while the 
fairly even thickness of the covering, Coronado quartzite, shows that the topog- 
raphy was not of a rough character. Gradual mingling of sandy conglomerates 
into sandy disintegrated rock also indicates the epoch when the sea had not yet 
invaded this land. 

But the marine invasion was not distant, and soon the waves covered the low 
hills. Abrasion by the sea and erosion by the streams of remaining land areas 

a Prof. Paper U. 8. Geol. Survey No. 12, p. 104. 
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soon accumulated the Coronado sandstones, in the uppermost part of which scant 
shell remains point to a Cambrian age. Submersion and deposition continued 
unbroken during the Ordovician period, but the sediments soon became prevail- 
ingly calcareous. The Silurian, properly speaking, seems absent, though no 
unconformity can be observed between the Ordovician Longfellow limestones and 
the covering, probably Devonian, stnita. 

The sea grew more shallow, but no granite or quartzite remained above water 
to supply sediments; thei?e came from more distant quarters. The limestones 
became argillaceous and soon changed into clay shales, designated the Morenci 
shales. Both of these terranes have been referred to the Devonian on rather 
scant evidence from a meager fauna. 

Above the Morenci shales, in a deepening sea, were deposited a scries of 
limestones, first dolomitic, then remarkabl}" pure, and afterwards coarsely cr\'s- 
talline — the Modoc lime^stone of the lower Carboniferous, or Mississippian, epoch. 
The sedimentation continued still further, and on top of these limestones was 
deposited another series, that of the Penns\'lvanian epoch, or upper Carboniferous, 
also appearing as heavy-l>edded limestones. Throughout the whole of the Car- 
boniferous animal life was abundant and has been well preserved in the rocks. 

The time interval between the Carboniferous and the middle Cretaceous is 
not represented by any sediments; there is, on the contrarj', evidence of an 
epoch of erosion, for the Cretaceous rests unconformably on the lower Carbon- 
iferous at Morenci, where the upper Carboniferous is not present. 

The disturbance was, however, not great and the later strata must have been 
deposited on the nearly horizontal, though partly eroded. Carboniferous. The 
last subsidence under the Cretaceous sea was of only moderate depth, the sedi- 
ments consisting of coarser sandstones and carlx)naceous shales, clearly not 
derived from the granite of this vicinit}^ but rather from somewhat distant land 
areas. The total thickness of Cretaceous is unknown; the larger part of the 
series may in fact have been removed b\' erosion. 

This long era of deposition without far-reaching orogenic disturbances was 
followed by intense intrusive activity, Ix^ginning in the earliest Tertiary, or in 
the latest Cretaceous. Masses of acidic poiphyries, associated with diorite-por- 
phyries, invaded the lithosphere, filled great spaces made for them b)'^ gradual or 
violent dislocations, and congealed to stocks, sheets, dikes, and laccoliths in the 
disrupted granite and sediment. These intrusions form praetically one connected 
mass from Eagle Creek to Copper King Mountain, which has been exposed only 
by subsequent erosion. 

The intrusive bodies thus consolidated far below the surface of that time. 
Just how far is doubtful, but probably not more than 4t^0()0 feet, and their 
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upper portions, and the laccoliths may have been covered hv a very much smaller 
thickness of strata. 

The porphyries in cooling produced far-i-eaching metamorphism of such of 
the adjacent sediments as were susceptible of this alteration, and the introduction 
of sulphides of \Tirious kinds aceom|>anied the contact metamorphism. Shortly 
after the consolidation fissures broke open following the geneml northeast direc- 
tion of the stock and dikes, ancl were filled with cupriferous pyrite, zinc blende, 
and other minerals. Soon after the time of the intrusion an uplift must have 
taken place, raising the heavily sediment-laden crust to high elevations, throwing 
them, as well as the underlying partly plastic granite, into gentle donie-shai)ed 
swells or anticlines. Finalh', the load proving too heavy, the risen area broke 
into fragments, which gradually settled down, forming monoc*linal blocks around 
the more resistant buttresses of Coronado and Copper King mountains, and frac- 
turing still further as they settled. 

The country was now a land area with rough topographic features, to which 
the faulting contributed important elements. An active erosion following the 
epoch of faulting has not been able to entirely etface this influence, and, though 
obscured by the Tertiary lava flows, these fault sc*arps are still dominant features 
visible in the granite bluflfs of Coronado and Copper mountains and the down- 
thrown vallev between them. 

During this epoch of erosion the principal valleys, like those of Chase Creek 
and San Fi'ancisco River, were carved. San Francisco Valley is, however, 
primarily of structural origin, being determined by the gi'eat Oroville fault. 

Volcanic eruptions of great volume occupied the latter part of the Tertiary 
period, and consisted chiefly of thrice-repeated rhyolite and twice-repeateil Imsalt 
flows, with subordinate masses of andesite. In places the}' are over l,5lK) feet 
thick and almost entirely surrounded the old granitic buttresses. 

Next followed a second epoch of erosion, accompanied bv deposition of thick 
detritus in front of the mountains — the coarse accunudations which have been 
called the Gila conglomerate; nuich material for this was supplied by the enor- 
mous volcanic masses north of the plains. This ei)och is referred to the early 
Quaternary. 

A notable depression in the level of deposition during the late Quaternary 
was followed bv renewed activitv of the streams, not onlv in the hills, but on 
the sloping plains of the Gila. The course of Eagle Creek, previously outlined 
between the second basaltic and third rhvolitic flows, became detinitelv estab- 
lished and rapidly deepened to a box can5'on. Likewise the final course of the 
San Francisco was fixed, the rivor, under fresh impetus, sweeping out the Gila 
conglomerate from its upper course and cutting a canyon 600 feet deep in that 
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material in its lower reaches. The region gradually l)eeame sculptured into the 
forms of to-day, when, as far as the San Francisco and the Eagle are concerned, 
a condition of equilibrium has been established in which no further erosion and 
but little deposition takes place in the stream bed. 

Lastly must be mentioned the gradual changes that have been going on since 
the mineral deposits were first exposed b}- erosion — a continuous oxidation, solu- 
tion, and redei)osition of minerals, among these the copper ores, within the zone 
easily accessible to surface waters. Inconspicuous and slow as these processes 
are, they have resulted in the transformation of poor primary ores into the 
rich and extensive bodies which have placed the Clifton-Morenci district among 
the first ranks of copper producers. 



CHAPTER III. 

ORK DEPOSITS AND THEIR MINERALS. 

GENERAIi FEATURES. 

Almost all of the mineral deposits of the Clifton-Morenci district contain 
copper as the principal valuable metal. In a small class of veins, however, gold 
occupies this position, and soma irregular deposits of magnetic iron ore oc«ur in 
the contact zones of the porphyry. While the district produces copper to the 
value of $7,500,000 per annum, the gold output is insignificant. The iron ores 
are of value only as flux for copper smelting. 

The economically most important copper ore is chalcocite or copper glance 
(CujS); more rarely cupriferous p3'^rite or chalcopyrite is treated as ore, while 
bornite and covellite are practically absent. Of oxidized copper minerals, azu- 
rite, malachite, brochantite, chrysocolla, and cuprite are of common occurrence, 
together with native copper, but the quantity of this class of ore is annually 
diminishing. Gold and silver are present only in traces in the ordinar}- copper 
ores of Morenci and Metcalf. 

The occurrence takes many forms. A first great divisio!i consists of irregu- 
lar or roughly tabular bodies of oxidized ores in limestone or shale near porphyry 
contacts. Below the zone of oxidation these irregular bodies may contain dissemi- 
nated chalcopyrite and zinc blende. A second great division consists of lodes or 
veins — in other words, deposits clearly connected with fractures and fissui'es. 
These fissure veins cut across limestone, shale, porphyry, and granite, usually 
near the igneous contact, and contain pyrite and chalcocite, associated in the 
upper levels of the mines with cuprite, native copper, and some carbonates, 
silicates, and sulphates of copper. Geneticall)' connected with fissure veins are also 
the irregular disseminations of pyrite and chalcocite sometimes oc^curring in 
porphyry. A closely connected class of fissure veins follows porphyry dikes in 
granite. A smaller division of veins is connected with diabase dikes in granite, 
or along important fault planes. 

1686d— No. 43—05 7 97 
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With all the diversity of form and content, a review of the deposits brinj^s 
out one prominent fact. All of the ore deposits, ex(»ept the small class connected 
with diabase dike^s, are intimat<?ly associated with granite-porphyry or quartz- 
monzonite-porphyry. They occui* either in dikes or stocks of these i>orphyries 
or in sedimentary rocks or granite not far from the contact. There cjin be no 
doubt whatever that some connection exists l>etween the acidic ywrphyries and 
the ore deposits. 

The difference in accomi)an3-ing gangue minerals is as striking as the diversity 
in form. The tissure veins in jx)rj)hyries, granite, and similar acidic rocks 
contain a (juartz-sericite gangue with little, if any, calcite. The irregular and 
tabular deposits in limestone are followed by magnt^tite, garnet, epidote, pyix)xene, 
amphilK>le, calcite, and quartz. Fissure veins in limestone are accompanied by 
quartz, magnetite, and amphil)ole as metasomatic minerals. 

It has long been conceded that the oxidized copp<M' ores, like malachite and 
azurite, have been formed from sulphides by the subjection of the latter to the 
altering influences of atmospheric waters, (X)ntaining oxygen and carbon dioxide, 
and that if the de^x)sit admits being followed down to sufficient depth the unaltered 
sulphides will be found replacing the oxides, carbonates, and sulphides. 

A most important fact brought out by a study of these deposits is that 
chalcocite, the cuprous sulphide, Cu,S, is here likewise of a secondary character, 
and that it has been deposited by reactions primarily due to the oxidizing 
influence of atmospheric waters on those deposits which erosion has brought 
suflSciently near the surface; proofs of this will l>e presented in a subsequent 
chapter. At present the deposits of commercial importance are mainly those 
which contain oxidized copper ores or chalcocite. In other words, the oxidizing 
action of surface waters seems to be qecessary to enrich the deposits sufficiently 
for profitable exploitation. This is simply a statement of facts as far as our 
present knowledge of the district reaches, and by no means excludes the possi- 
bility that workable pyritic ore bodies may be found. Wherever the products of 
oxidation are absent, chalcopyrite and cupriferous pyrite, associated with zinc 
blende, form the ores, which ordinarily are of very low grade. 

Summing up, we have this preliminary classification of deposits containing 
payable copper ores: 

Deposits in limestone and shale, not connected with fissare veins (all carry oxidised ores 
almost exclusively; rarely chalcocite): 
Irregular bodies near contacts of main stock or dikes. 
Tabular bodies near contacts of main stock or dikes following stratification. 
Tabular bodies, following contacts of porphyry dike. 
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Fissure veins: 

Normal veins in porphyry or in any of the other rocks near porphyry contacts. 

The pay part inchides both the central, sharply defined veins and the surniund- 

ing partly replaced iK)rphyry, forming together a Imle. They carry chalcocitt* 

as the important ore. In upper levels they sometimes also carry oxidized ores. 

Normal veins, following porphyry dikes in granite, and carrying diah'ocite and 

oxidizeii copper ores. 
Normal veins following diaba.<>e dikef>. These carry chaicocite and (»xidize<1 copper 
ores. 
Stockworks. Irregular disseminations in porj)hyry, <{nartzite, and other roi'ks. Contain 
chaicocite and oxidized copj^er ores. 

This classification is based on the occurrence and form. A more genenil »i^onotic 
system, given in another chapter, will show a somewhat different arrangement. 

GEOGRAPHIC DISTRIBUTION. 

The copper deposits are scattered over a belt of country 3 to 4 miles wide, 
beginning at the Eiagle Creek foothills, extending in a northeast direction across to 
Chase Creek, and thence gradually narrowing to a point in Sycamore Gulch on the 
Copper King Ridge. The length of this belt is 8 or 9 miles, and it is practically 
coextensive with the great porphyry stock and its northeasterl}^ dikes, a fact of the 
greatest impoilance, substantiating the assertion on a preceding page that the 
copper deposits are most intimately connected with the porphyry. 

The southwestern part of the belt contains scattered deposits of no great 
present value, consisting of irregular masses in limestone and small fissure veins^ 
many of which in Gold Creek Imsin and vicinity contain some gold. Morenci 
on the southeastern contact, between porphyry and limestone, is one of the most 
important points. The limestones close to the main contact and between dikes 
contain irregular and tabular deposits of very rich oxidized ores. The Longfellow, 
Detroit, and Manganese Blue mines belong to this class, now almost exhausted. 
Moreover there exists on both sides of the main contact a most important s^^stem 
of northeasterly trending veins containing enormous deposits of low-grade chai- 
cocite ores, changing to poorer primary sulphides at varying depth. Such chai- 
cocite ore the great Ryerson, Copper Mountain, East Yankie, and Arizona Central 
mines are exploiting. A number of prospects, mostly fissure veins, are scattered 
between Morenci and Metcalf, a second great center of the mining industry. At 
Metealf the Shannon copper mines are being worked on irregular and tabular 
bodies of oxidized ore in limestone close to the main porphyry contact, while 
some porphyry dikes and part of the main porphyry stock are valuable on 
acoount of disseminated chaicocite and its products of oxidation. 
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At the old Metcalf mines irregular iKxlies of chalcocite ore are contained in the 
soft and sericitic granite-porphyry. Across King Gulch is located the King mine, 
one of the best-detined fissure veins of the district. Two miles west of Metc*alf 
and high up on the ridge above it is the Coronado lode, a large deposit located 
on an important fault fissure and connected with a diabase dike. Irregular 
deposits in limestone and fissure veins of some value occur near Graiiield Gulch 
on the northwest side of the poiphyry stock. Northeast of Metcalf on the 
Copper King Ridge a great number of fissure veins occur, nearly always following 
porphyr}^ dikes in granite, but few of them are of great economic importance. 
The largest deposit is found near the simimit of Copper King Mountain, and is 
known as the Copper King mine. In the extreme northeast end of the copper 
belt the amount of copper ore on the veins decreases, and instead a considemble 
amount of gold appears, a metal which, together with silver, is almost entirely 
absent from the Morenci deposits and verj' sparingly present in the Metcalf 
district. 

The granite mass of Coronado Mountain, the southern part of the Morenci 
Hills, including the gre^t laccolith of diorite-porphyry and the sunken limestone 
block east of San Francisco River, are Ijarren of copper deposits. Barren, like- 
wise, are the Tertiary basalts, rhyolites, and andesites. 

Morenci and Metcalf are the only important places where the Paleozoic lime- 
stone, which appears to be the most favored locus of the ores, comes in close 
contact with the great porphyry stock, and at both these places most extensive 
and interesting alterations have taken place in the sedimentary rocks near that 
contact — alterations which, as will be shown, are due to metamorphism exerted by 
the molten intruding magma on the limestones. A similar metamorphic action is 
noted in almost all cases where, the sedimentary rocks come in contact with granite- 
porphyry or quartz-monzonite-porphyry, while at the contacts of the diorite-por- 
[)hyry these effects are far less pronounced. 

On the whole, the ores throughout this region are so closely comiected with 
metamorphic processes of various kinds that it will l)e necessary to study these in 
more detail before the ore deposits can be intelligently described. 

MINER AIi8. 

The following list gives the modes of occurrence of the minemls known from 
the Clifton district, and also, in case of rarer species, their composition and phys- 
ical characteristics. Eight or nine of the ore minerals have not been previously 
described from the district, one (libethenite) is new to the United States, and two 
(coronadite and morencite) are considered as new mineral species. 
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Copper, — Metallic copper is always a secondary product in the copjyjr.* 
deposits at Clifton. It is rare in the irregular limestone deposits, occurs some- .•• 
times in the lodes in porphyry^, and is frequent in the upper levels of the veins 
which cut through shale, limestone, and associated porphyry dike«. Principal 
occurrences are in the Metcalf mines and in the Williams vein of the Arizona 
Central mine, at Morenci. As a rule the copper is associated with cuprite at 
the upper limit of the chalcocite zone. It has been found at the Shannon mine 
in limonitic and kaolinitic porphyry in spongy masses of bronzj' color, consisting 
of small distorted ervstals. In the Metcalf open cuts it is found in large 
irregular masses, intergrow^n with cuprite and covered with carbonates, silicates, 
and sulphates of copper. The matrix is a sericitic chalky ix)rphyry. At the 
same mine it occurs in stopes 40 feet above Wilson level, about 200 feet below 
the surface, in sericitic porphyry, included in cuprite and also associated with 
chalcocite. At Morenci it occurs with chalcocite and cuprite in the Joy vein, 
2(X) feet below the surface. It is also common in Hne distribution all along the • 
Williams vein. On the intermediate level of the Arizona Central mine, 400 feet 
from the shaft and about 200 feet l>elow the surface, a vein of solid copper was 
found in the Williams vein. It oitcurred in sericitized jwrphyry, which all along 
contains a little chalcocite and native copper. The vein formed a sheet of 
copper, in places 8 inches thick, standing nearh' vertical and striking east- 
northeast. It was followed down to the third level, where, however, it is less 
well defined and splits up into sevei^al seams. This copper had in places a 
remarkable, fibrous structure, perpendicular to the plane of the vein, such as 
occasionall}"^ is exhibited b\^ the chalcocite seams, of which it is believed to be a 
pseudomorphic development. In one specimen two sheets of copper were found 
separated by sooty chalcocite. The direct reduction of chalcocite to copper without 
the intermediary stage of cuprite has not found a ready explanation. In the 
Butler and London tunnel a little native copper was found in a seam of dark clay 
300 feet below the surface in an unproductive part of the workings. 

Gold. — Occurs native with galena in the Hormeyer mine, a fissure vein in 
limestone on the ridge l)etween Chase Creek and Morenci Canyon, 2 miles south 
of Morenci, and in many small seams and fissures in Gold Gulch and vicinity. 
As placer gold it is found in Gold Gulch, as fine flakes in the gravels along the 
Morenci Canyon, about 4 miles l>elow the town, and in several places in gravels 
along San Francisco River, the best prospects occurring near Oroville, where 
washing has been attempted. 

Quartz. — This mineral is of (*ommon occurrence. It is an important constit- 
uent of the granite and of the quartzite derived from that rock. It occurs in 
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\jtke form of chert oi* tine-^rrained varieties in the Longfellow limestones. It 
further forms bip3*ramidal crystals in the granite-porphyry and quartz-monzonite- 
p<^rphyry and aho enters into their groundmass. In the metamorphosed lime- 
stones it is found in small quantities. As seams and veinlets it is abundant in 
alt4^red porphyry and in the granite near the porphyry. It foniis a small part 
of the great productive veins of pyrite and chalcocite. Finally' it is a product of 
surface oxidation of metamorphic limestone, the lime-iron garnet eapeciall}' forming 
<|uartz and limonite upon oxidation. In the veins and seams the quartz is very 
rarely crystallized, the only exception being found in certain parts of the Fair- 
play veins, at Morenci, and in a peculiar filled vein of drusy quartz, pyrite, 
chalcopyrite, and zinc blende, crossing the Lone Star tunnel (see p. 279). When 
due to surface oxidation of the metamorphosed limestone, small druses of crystals 
mav also be formed. 

(7uilcedony. — Part of the cherty material in limestone may more properly 
come under this heading than under quartz. Specimens of this mineral were 
also found loose on the surface of Shannon Mountain. Microscopically it was 
observed occasionally formed together with quartz and kaolin during the process of 
chalcocitization of the pyrite. Opal is also deposited at times during this process. 

Zircon, — Occurs as microscopic crystals in the granite and in the porphyry. 

Hiitile. — Dark-brown microscopic prisms determined as rutile are of common 
occurrence in the sericitized porphyry and are probably due to alteration of 
titaniferous magnetite. 

Magnate, — This mineral occurs sparingly as irregular grains in the granite, 
diorite-porphyr}', granite-porphyry, diabase, basalts, and andesites of the region. 
In part, however, especially in the more basic rocks, titano-magnetite and ilmenite 
replace the normal mineral. In great quantities the mineral appears in the contact 
metamorphic limestones and dolomitlc limestones, where it is associated with garnet, 
amphibole, pyroxene, and sulphides. In structure it is usually granular, but 
when disseminated in limestone it also occurs in crystallized form. It is found 
wherever contact-metamorphic alteration has taken place: especially large masses, 
economically important as flux for smelting purposes, occur in the Manganese Blue 
and Arizona Central mines, as well as on the hill slope southwest of the latter 
mine. A large body also occurs in the gap where the road to Eagle Creek descends 
into the Gold Gulch Valley. To a minor degree it is also formed as a meta- 
somatic product in limestone, rarely in porphyry, along the walls of the fissure 
veins which cross these rocks. It alters to limonite and sometimes also to hema- 
tite, as well shown in the *'iron stopes" of the Manganese Blue mine. 
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Hematite, — Occurs somewhat sparingly as a product of contact metamorphism 
associated with quailz, garnet, epidote, and magnetite; associated with quartz in 
contact breccias of granite and porphyr)' at Metcalf. Occasionally it occurs as 
translucent foils in vein quartz. Sometimes it is due to surface, oxidation of 
magnetite and garnet, as at the Modoc mine, at Morencr. 

Limonlte, — This mineral is very abundant within the zone of surface oxidation, 
and is always chai'acterized by earthj^ appearance and yellowish-brown color. 
Most of it appears in the oxidized limestone deposits and in the decomposed meta- 
morphosed limestones. In porphyry it is less abundant, though everywhere present 
in small quantities in the uppermost oxidized zone. Largfc masses occur asso- 
ciated with kaolin in the East Yankie mine (Longfellow deposits) and with magnetite 
in the Manganese Blue mine. Under the microscope it is translucent, yellowish- 
brown, with strong, double refraction and aggregate-fibrous structure between 
crossed nicols. 

Pyrolnsite, — Common in black, often sooty, masses in the zone of surface 
oxidation of metamoiphosed limestones and in the copper deposit8 contained in 
this rock. Associated with quartz, azurite, and malachite. Not found as a struc- 
turally distinct mineral; often mixed with limonite and hematite. 

Caronadite. — On the dump of a small shaft on the west end of the Coronado 
vein, three-fourths of a mile west of Horseshoe shaft, fairly large amounts of 
a dark metallic mineral were found intimately intergrown with quailz and decom- 
posing into limonite. The vein at this end shows no copper minerals, but is 
stated to contain some gold; its surface ores are reported to have been worked 
in an arrastre in the early days of the camp. In color this mineral is black and 
its structure delicately fibrous. The hardness is about 4 and the streak black 
with brownish tmge. 

A thin section proves it to be opaque and in reflected light its fibrous and 
homogeneous structure is well brought out. It cements angular quartz grains 
and its secondary nature is clearl}- indicated. In general aspect it is not unlike 
psilomelane. A preliminary examination by Dr. W. F. Hillebrand showed that 
it contained the oxides of lead and manganese; as it did not seem to correspond 
to any known mineral species a sepamtion and analysis was made by Doctor 
Hillebrand, who states his results as follows: 

''Long-continued efforts by the use of heavy solutions to secure pure material 
for analysis were not attended with success. The ultimate product of specific 
gravit}^ 5.246 at 22^, yielded, on decomposition by hydrochloric acid, a residue 
of from 6 to 7 per cent, which consisted mainly of silica, with a small amount 
of alumina, etc. Its 'presence would not have mattered nmch had it been (|uite 
indifferent to acids, but its partial solubility, as shown by the varying amounts 
undissolved on different trials and similar vaiTing amounts of alumina and |^r- 
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haps other minor ingredients found in solution, render the calculation of molecular 
ratios not altogether certain in ^11 cases. The composition as found is: 

Analysis of coronadite from Coronado rein, Ariztma. 

VcT cent. 

MnO, « 56. 1 3 

MnO 6.56 

PbO 26.48 

ZnO 10 

Cu( > 05 

MoOs 34 

A1,0, '^.63 

FejO, 1. 01 

H,« > ''1 . as 

Iii8i»hihle and sjilu-a 7. 22 

CaO, Mg< >, alkalies, an<l 1o«j .45 

'*The material available did not admit of determining quantitatively the vana- 
dium, which may l)e present in rather more than a mei'e trace, but neither it nor the 
phosphorus can influence materially the ratios given below. The vanadium would 
be effective in two ways: (1) By recjuiring a Imse for its neutralization, if existing 
as an acid constituent, and (2) by libt^rating chlorine when acted on by hydrochloric 
acid, and thus affei'ting the values found for peroxide oxygen. If the iron exists 
in the ferrous state, it, too, would affei»t the values found for the peroxide oxygen, 
and consequently for both the oxides of manganese. Assuming it to so exist and 
applying the proper cprrections, also deducting from the lead oxide an equivalent 
for the molybdenum, assuming its existeni'e a.s molybdate of lead, the following 
are the results: 

. MoUtmlttr ratio nf cf^ronnditi'. 

MnO, 5*. 6Srf f S7. = 0. 6515 = :i. 00 

MnO 6.11 : 71.0= .0861 

PbO 25.96 : 222.9= .1165 

FK^ 91 : 72.0= .0126 

ZnO IOh- 81.0= .0012 

C>iO 05 r 79.0= ,(km 

ll,0 l.O:^ : lvS.O= .a=>72 = .264 

"* If the mineral is to U^ regardeil as anhydrous, the iH>mpanitively simple formula 
R" (MujO^)" satisfies the above ratio, and it may l>e written structurally: 

= Mn"" o 

I 

o 



.217 = 1.00 



0= Mn"" R" 



.\ 



0=Mn"" O 



in which R" = Pb" or Mn". This is to U^ regHnUni as a saturateii salt of one of 

•• Mmui of 5d.lO and 5^1*. Total Mn •» MnO fn»*n MuSlV ^"^ » K' »**'«« JVmxUW vKxyjivii. lO.Sl per ivnt. 
* Wtth a littl* TKV PtOfe, *nd V^V 



^ Slate of oxidation not Ipiovrn. 

<tNochinfr at imp. only ©.M per cent bek>w aw^. 
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the numerous possible derivatives of ortho-manganous acid that may be derived 
from it by removal of water, in the present case as follows: 

3H,MnO, - 5H,0 = H^MnjO,. 

• 

An acid of the same empirical formula would result by removal of two molecules 
of water from three of metamanganous acid, HjMnO,. 

"It is probably best to rest for the present content with the above relatively 
simple formula and to regard the water found as due to incipient alteration. But if 
the water is to be considered as wholly or in part essential, and, furthermore, con- 
stitutional — and this may very well be the proper view to take — then the fonnula 
becomes much more complex, namely, R'^tH, (MnigOj^), when none of the water is 
allotted to the foreign matt^er. This formula is still refemble graphically to a more 
highly condensed manganous acid and a number of isomers would be possible. 

"Such intricate formulas as this should not cause the least surprise, however 
unlikely they may at first appear to be. The great number of manganites, in vaiy ing 
degrees of saturation and hydration, observed in nature and prepared artificially, 
some of them of even greater complexity than the above, are certainly not all mix- 
tures of onl}^ a few simply constituted molecules. A ver}^ short stud}' of the gi*aphic 
formula corresponding to the above empirical formula R'^H^ (Mn,jOj,) will show 
what a vast number of closelv related bodies are theoreticallv possible bv hvdrating 
the molecule step by step, or by adding to or reducing the number of divalent atoms, 
or substituting for them those of another valance. Similar varieties in great number 
would be derivable from other condensed manganous acids of both higher and lower 
orders, and it is plain that because of the very slight differences in percentage com- 
position between many of them it is almost as hopele^ss to expect analysis to reveal 
the exact empirical formula in the majority of cases as it is for the enormously com- 
plex albuminous bodies of organic chemistry. This is especially true because in so 
man)^ cases the mineral manganites described are far from being homogeneous 
species. They are either liiixtures of two or more of these closely related complex 
molecules or else are contaminated by foreign bodies. It is not surprising then that 
so many compounds of uncertain formula that may be regarded as salts of manganous 
acid have been prepared in the laboratory or are found in nature. From the known 
tendency of these bodies to form under laboratory conditions which maj' very well 
be repeated in their general character in nature, it is to be expected that a vast 
number of mineral manganites should exist, and it ought rather to excite surprise 
than otherwise if two or more are not formed simultaneously from the same solution. 
This, together with inherent difficulties of analysis, would offer a simple explanation 
of the fact that so few of the analyses made lead to rational formulas. If formed 
from solution their original state might well be one of hj'dration, either as regards 
water of cr3'stallization or of constitution. The temperature at which the water is 
expelled in the present case indicate^s constitutional water."" 

A search of the literature has not revealed a native manganite carrying a 
high percentage of lead, although artificial compounds have been prepared. For 
this reason, and because of its distinctly crystalline character, the present mineral 
seems worthy of receiving a specific name. The one proposed is coronadite. 
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after the famoiui explorer of that portion of the Aineru^ii continent from which 
the Territories of New Mexico and Arizona have been formed. 

Cuprite, — Cuprous oxide« Cu^O; 88.8 per cent Cu. ThiiJ handsome dark-red 
translucent mineral, often beautifully cr^'stallized in cubes or distorted capillary 
form (chalcotrichite), occurs at Morenci and Metcalf as a product of surface 
oxidation. It formed an important part of the LongfHIow ores, but is otherwise 
not common in the deposits in limestone. Its nonnal o(*currence is at the upper 
limit of the chalcocite zone as a product of decompot<ition of the latter mineral: 
as, for instance, on the second level of the Joy vein and on the water-shaft level 
of the Montezuma vein; in the Arizona Central mine on the deepest levels, 200 to 
300 feet below the surface, near the contact of porph^'ry and metamorphic rock, 
where it is often deposited on magnetite and associated with limonite; in the open 
cuts and on the Wilson level of the Metcalf inine as irregular veinlet^ in serici- 
tized porphyry, where, as often elsewhere, it is inter^prown with native copper. 
It is also frequently found distributed in tine scales on the joints of the altered 
clay shale of the Arizona Central, the Detroit, and the Manganese Blue mines. 

Pyrite. — FeS,. This is the only iron sulphide observed, marcasite and 
P3^rrhotite^ not being known from the district. It is extremely conmion in dis- 
seminated form and in veinlets in the metamorphosed limestone and shale, and 
sometimes in quartzite and granite. It is equally common in the altered porphyry, 
where it is always associated with sericite, and is found on the fissure veins in 
porphyry and in metamorphic rocks in large masses often several feet wide and 
sometimes, as in the Joy vein, 50 feet wide; here it ""generally occurs as coarsely 
granular masses with occasional small crystals showing in drusy cavities. Larger 
well-developed crystals are not common, hut are found with quartz in the Hudson 
and Fairplay veins, as well as in a small filled vein' in the Lone Star tunnel, all 
at Morenci; the usual combination in this case is cube and pyritohedron. The 
occurrences in almost all cases except those just mentioned indicate origin by 
replacement of limestone, shale, or porphyry. 

Chalcopyrite, — Fe^Cu^S^; 34.6 per cent Cu. This mineral occurs sparingly on 
the lower levels of the veins of Morenci, intergrown with pyrite and zinc blende; 
also in similar position in veinlets or disseminated in porphyry. Rarely it is 
associated with chalcocite, as was the case in the Black stope of the second level 
of the Ryerson mine; such a connection would suggest its origin as due in this 
case to secondary sulphide formation by solutions from above, for it is known 
that chalcopyrite, as well as chalcocite, may form under such conditions. The 
mineral is very abundant in disseminated forms, as well as in veinlets, in the 
metamorphic limestone of Morenci; also in shale in the Shannon mine. It may 

a Omins of pyrrbotite were otoenred In a contact-metamorphic Cretaceous shale from lower Gold Crvek. . 
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form irregular aggregates or grains in otherwise little-altered limestone near the 
porphyry icontaets, or occur intergrown with garnet, epidote, or pyroxene in the 
highly altered rock, almost always being also associated with magnetite, pyrite, 
and zinc blende. Much of the p3^rite from the lower levels of the Morenci vein, 
and also that disseminated in other rocks like quartzite, contains about one-half 
per cent of copper, probably due to a mechanical admixture of chalcopyrite, 
difficult to detect either by the naked eye or by the microscope. 

Zinc blende (sphalerite). — ^This sulphide occurs under pi^actically the same con- 
ditions as chalcopyrite, with which it is usually associated. It is common, dis- 
seminated in the hard limestones or metamorphic rocks, and is also frequent in 
the lower levels of the vein, where it is associated with much pyrite and some 
chalcopyrite. It is not known to occur in oxidized' deposits or in the zone of 
sulphide enrichment, nor is it formed by these secondary processes anywhere in 
the district. As an exceptional occurrence it is found crystallized with pyrite, 
chalcopyrite, and drusy quartz on a tilled vein in the Lone Star tunnel. Its 
forms are a combination of cube and two tetrahedrons (Penfield). The zinc 
blende is easily oxidized, and, aside from a few rarer occurrences, its products 
only appear as efflorescing sulphates on the walls of the mine workings in the 
upper oxidized zone. 

Galena. — Of rare Oi-currence; reported from the Stevens group near Garfield 
Gulch, from the fissure veins of Dorsey Gj^ch, and from a few other localities. 

Molybdenite.-z-MoS. This mineral infrequently found in the Morenci fissure 
veins in primary association with pyrite, chalcopyrite, and zinc blende; analyses 
have also revealed its presence in small quantities in the ordinary smelting ore. 
As dark-gray foils it occurs in a quartz vein in granite on the northeast side of 
Chase Creek 1 mile above the Longfellow incline, associated as above. Micro- 
scopically it was noted in the deep levels of the Montezuma pyrite vein, where 
it formed dark-gray fluflFy aggregates in quartz (PI. XII, A). 

Chalcocite, — Cu,S; 79.8 per cent Cu. The cuprous sulphide is very common 
in the Clifton district, in fact constituting at present the principal valuable 
mineral in the ores. It occurs, chiefly intergrown with pyrite, in the altered 
porphyry as disseminated grains or as solid seams or veins, which rarely exceed 
2 or 3 feet in thickness. It is never crystallized, but has ordinarily an earthy 
or sooty appearance and black color; scratching it with a knife reveals the semi- 
sectile character and metallic luster. In a few small massive veinlets the normal 
metallic luster and dark-gray color appear on fractures; a fibrous or columnar 
structure of the mineral is known on small seams in shale from the Montezuma 
mine. The mineral prefers porphyry, and the great bodies of ore now worked 
all occur in. this rock, but it is not entirely unknown in the irregular deposits 
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in limestone generally carrying cuprite and copper carbonates. A partial analyj<is 
of massive chalcocite from the Montezuma mine, Morenci, gave (VV. F. Hille- 
brand, analyst) 96 per cent Cu,8 and 2.4 per cent FeS,, the latter proViably 
meohanicallv admixed. 

The chalcocite is everywhere, in this district, a secondary mineral, formed 
by the replacement of pyrite by means of descending solutions of cupric sulphate. 

PI. XIV illustrates the typical appearance of the chalcocite ore. The depo- 
sition of the mineral was accompanied by the formation of quartz, chalcedony, 
and kaolin. In the veins in poi^phyr}- the chalcocite ore begins 100 to 2(K> feet 
below the surface and continues to a depth .of 400 feet, or even more, when it 
is usually replaced by pyrite, chalcopyrite, and zinc blende. 

CoveUite and JponiUe. — Rarely observed minerals. Covellite was noted from 
the Ryerson and Montezuma mines. 

Anthnonides and arsenides. — These minerals are not known to occur in the 
^district. Analyses of tluedust reveal very small quantities of arsenic and antimony. 

Telluride4f and Htfenides. — The same statement applies to these minerals. As 
shown by the tlue-dust analysis (p. 39), a minute amount of tellurium must be 
contained in the ores. This assoi'iation of copper and tellurium has been* noted 
before, and it is known that in copper i*eKning some by-products contain a con- 
siderable quantity of that element. 

Feldspars. — Orthoclase, as reddish grains, is found in granite, and sometimes 
in the clastic rocks derived from it; likewise in the phenocrysts and groundmass 
of granitic and monzonitic porphyries and in rhyolite. Microcline and perthite 
occurs in granite; albite in granite and in granite-porphyries. Acidic oligoclase 
is found in the latter rocks and in the monzonite-porphyry; labradorite and 
andesine in diorite-porphyry, diabase, and basalt. Feldspars of all kinds are 
i'onspicuously absent in the metamorphic rocks and in the pyrite veins. 

Garnet. — Oarnet oix»urs in the Clifton district, exclusively in the altered 
limestones; it is throughout, as far as known, an andradite or 1ime-ii*on garnet 
of typii^al composition, yellowish to dark-brown color, and usual resinous luster. 
For analyvses see page 1H4. Commonly occurring in massive form, it sometimes 
appears as small cr^^stals of usual dodecahedral form, embedded in calcite, and is 
frequently revealed by the mii*roseope in well-detined hexagonal sections in the 
limestone close to more extensive areas of garnet. The larger masses ai*e iso- 
tropic, but the crystals ordinarily show the optical anomalies of the species, 
consisting in sectors and concentric l)ands with double refraction; this is usually 
feeble with light-gray colors, but in places bright-yeUow interfertMU*e c^olors are 
noted. 
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The garnet when derived from the pure limestones of the Modoc formation 
forms large masses 60 to 100 feet thick, as on the western slope of Modoc Point 
at Morenci and on top of Shannon Mountain at Metcalf. The siliceous and dol- 
omitic limestones of the Longfellow formation both at Morenci and Metcalf also 
contain garnet in places, irregularly distributed together with -epidote, pyroxene, 
and magnetite, as in the Yavapai, Manganese Blue, and Arizona Central mines, 
and many other places. The only place outside the immediate vicinity of 
Morenci and Metcalf where garnet has been found is in Gold Gulch and Pink- 
ard Gulch, and here only in smaller masses. 

Garnet frequently occurs intergrown with magnetite, pyrite, zinc blende, 
and chalcopyrite (Pis. VII, IX, and X, A). It decomposes to quartz and limonito, 
the lime being carried away as carbonate. Other products of oxidation associated 
with it are malachite and azurite. 

Amphibole, — Common hornblende forms part of the diorite and some of the 
monzonite-porphyries, and occurs in places in the granite. A colorless amphibole, 
which the analysis of a rock containing it shows to be tremolite or the nearly 
pure metasilicate of magnesia and lime, occurs in the metamorphic dolomitic lime- 
stones of Morenci and Metcalf and also in altered shades, always forming minute 
or microscopic prisms of normal optical behavior. It is also formed in the lime- 
stone wall rock of pyritic veins at Morenci and Metcalf. The tremolite weathers 
to chloritic and serpentinoid minemls, sometimes also to a variety of asbestos. 

Pyroxene. — ^The common augite forms part of the diabases and basalts, but 
does not occur in the porphyries. A colorless variety, apparently corresponding 
to pure lime-magnesia pyroxene, or diopside, is of very frequent occurrence in 
the metamorphosed limestones of the Longfellow formation. The manner of 
formation by metasomatic replacement is shown in PI. VII, B. The association 
is with the other contact-metamorphic silicates, magnetite, and sulphides. It may 
also form in the limestone wall rock adjoining pyritic veins. Like the tremolite 
the diopside alters near the surface to chloritic and serpentinoid minerals. 

Epidote. — This yellowish-green minei*al, a silicate of lime, ferric iron, and 
alumina, appears as a secondary product in the feldspars of some monzonite and 
diorite porphyries. Its principal occurrence is, however, in the metamorphic 
rocks, where it is in intimate intergrowth with garnet, magnetite, pyroxene, 
pyrite, chalcopyrite, and zinc blende; frequent in the altered Longfellow lime- 
stones, sometimes in large masses, as at the Joy mine, third and fourth levels. 
It occurs further, abundantly in places, in the altered Devonian and Cretaceous 
shales on the ridge west of the Arizona Central, as far west as the Ekigle Creek 
road at the gap leading down to Gold Gulch. In metamorphism along dikes it is 
the mineral usually immediately adjoining the porphyry. 
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Well-defined crystals are very rarely observed. The mineral is granular, and 
has all the characteristics of normal epidote rich in iron. Epidotc rock decomposes 
at the surface to an earthy, yellowish-green mass, as shown, for instance, near 
the Arizona Copper Company's hospital at Morenci and near the Shannon (Jap, 
Metcalf. Qualitative analysis of the former revealed much water and ferric oxide, 
together with a little CaO, Al^O,, MgO, CuO, and a trace of ZnO. The microscope 
shows indefinite microcry stall ine aggregates, which probably chiefl}' consist of 
hydrous ferric silicate, the lime having largely been extracted. 

Biotite. — This black mica is found sparingly in the granite and monzonite 
porphyries, in the gi-anite (usually decomposed), and in the rhyolites of Clifton. 
It is not known to occur in the conta<*t-metamorphic rocks, not even from the 
shales. 

M\isc(^rite, — As a primary mineral muscovite does not enter the composition 
of the Clifton rocks; but in the fibrous-felted form usually called sericite it is 
extremely common in the porphyries and also to some extent in the granites 
and quartzites in the vicinity of the mineral deposits. During the common sur- 
face decomposition sericite is apt to form to a limited extent in the feldspars 
of igneous rocks. Along the veins, however, sericitization is a most important 
process, the rocks for long distances from the vein being completel}^ changed to 
felted sericite and quartz. Pnu*tically the whole of Copper Mountain and large 
parts of the porphyry between Morenci and Metcalf and at the latter place are 
thus changed. The compasition of the mineral is shown calculated from analy- 
ses oh page 170. It is o<;casionally present in the metamorphosed clay shales. 
The microscopic aggregates show under the microscope the normal behavior of 
the mineral. Sericite resists further decomposition very energetically, and the 

« 

quartz sericite rocks, unless containing very much pyrite, form hard blocky out- 
crops. A limited amount of kaolin is formed from the sericite under the influ- 
ence of waters containing free sulphuric acid. 

Chlorite. — As a product of common hydrometamorphism from surface waters, 
chlorite forms from biotite and hornblende in granite and in the porphyries. To 
some extent varieties with little iron result from decomposition of pyroxene and 
amphibole in metamorphic rocks. The garnet does not decompose into chlorite. 
Small foils of a dark-bluish chlorite were noted in a limestone from the south 
slope of Copper Mountain and from other places near Morenci in metamorphic 
rocks. 

Serpentine. — ^This mineral results very frequently from the hydration of the 
pyroxene and amphibole in metamorphic limestone due to surface waters. Pure^ 
yellow translucent serpentine occurs on the ridge west of Morenci as irregular 
masses in limestone just below the garnet contact Almost pure serpentine with 
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ina{2^netite occurs at the Thompson mine on the summit of the same ridge, near 
the porphyry contact; it is dark green, streaked, and contorted, having seemingly 
resulted from replacement of shaly material. Serpentine nowhere forms large 
areas. Its characteristics under the microscope are normal. 

Asheistos. — The metamorphic rocks in places also contain asbestos as a result 
of hydration. The mineral is found near the Arizona Copper Company's hospital 
at Morenci, and in pieces over a foot long, much resembling fossil wood, in the 
Black Hawk No. 3 tunnel at Metcalf. The silky white fibers extinguish between 
crossed nicols at angles of 20^, and are probably altered actinolite. They are 
contained in honevcombed limonite masses. 

Kaolin. — As a secondary product kaolin is not unc^ommon at Morenci, and to 
less extent also occurs at Metcalf. It does not form during the sericitization of 
the porphyry which accompanied the formation of the pyritic veins, but accom- 
panies in small amounts the chalcocite in the veins in porphyry, and the copper 
carbonates in the decomposed deposits in limestone. It occurs as veinlets in the 
quartz in the Humboldt, Ryerson, and other mines, and as large masses in the 
Longfellow mine (East Yankie claim), where it is adjoined by much limonite and 
is often very pure. Sometimes it is delicately veined by malachite and incloses 
small grains of cuprite with native copper and limonite. It also occurs in pure 
condition at the Mammoth mine in Garfield Canyon, and at the Copper Mountain 
mine, Morenci, in snow-white mammillary masses with azurite and malachite. 
Kaolin is evidently easily formed by the action of free sulphuric acid on clay 
shale or porphyry; the sericite of the altered porphyry is only attacked by this 
acid with great diflSculty. 

Olau<;onit€. — A greenish mineral, resembling glauconite, occurs in the shales 
of the Morenci formation and also in the green shales which, near the mouth of 
Apache Gulch, overlie the Coronado quartzite. 

WUlemite. — Zn^SiO^. This rare silicate of zinc was found by Mr. Boutwell, 
as very small grayish crystals on a fragment of garnet rock, in the Modoc open 
cut on the north side of Modoc Mountain. These crystals were identified by 
Messrs. Pirsson and Penfield, of Yale University, who state that the stout hex- 
agonal prisms look exactly like those from the original locality at Moresnet. 

Calamine, — (ZnOH)jSiO,. Small transparent rhombic crystals of calamine 
were identified by Doctor Hillebrand and myself on a specimen of decomposed 
garnet rock from the Shannon mine, just above the lime quarry. 

Dioptase. — H^CuSiOi. The silicate of copper, dioptase, has been found at 
only a few localities. Very beautiful specimens, which, however, are by no means 
common, have long been known from the classic locality, the Kirghese Steppes, 
Hussia, and more recently from the French Kongo State, Africa. Dioptase is 
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seldom found in the United States, the only recorded occurrences being at the 
Bon Ton mines. Chaise Creek, near Clifton, Ariz., a.s noted by R. C. Hills," and 
from near Riverside, Pinal County, Ariz., as noted by W. B. Smith.* Well- 
crystallized specimens were found on an old dump of the Stevens group of mines, 
on the west side of Chase Creek, near Garfield Gulch (p. 351). They occurred in 
a small chimney of chrvsocolla ore in limestone, now worked out, in a locality 
believed to be the same as that described by Mr. Hills. The dioptase crystals 
were submitted to Prof. S. L. Penfield. who remarks on them as follows: 

''The crystals, measuring from 1 to 2 mm. in diameter, occur closely grouped 
t<^ether, lining cavities in a brown ferruginous gangue iinpr^nated with amor- 
phous green material which is probably chrysocolla. The color of the dioptase is 
a beautiful emerald green. The habit of the crystals, shown by the accompanying 
figure [PI. VII, E^ F\^ is that which is most conmionly observed and is especially 
characteristic for dioptase; prism of the second order a (1120), terminated chiefly 
by the rhombohedron of the first order x (0221), and with small faces of the 
rbombohedroD of the third order jr (1341). As is common on this species, the 
prismatic faces are \icinal and the h and x faces are striated parallel to their 
mutual intersection edges, hence the crystals are not suited for getting accurate 
measurements of the angles with the reflection goniometer. One crystal was 
measured, and the angles of one of the rhombohedral zones^ gi^cn below, are 
sufficiently close to the calculated values to establish the identity of the forms. 

Takit of angle* meiUHrtd. 

Meuored. CalcoUted. 

a X, 1120 1341 = 28** 5.V 28« 48'. 

f i/, 0221 2021 = S3 48 H4 33. 

9^ a'\ 2021 1120 = 48 18 47 43. 

By crushing some of the materiaK embedding in oil under a cover glass« and 
examining in convergent polarized light, occasional fragments were found which 
gave a normal uniaxial interference figure, with numerous rings indicating high 
birefringence. The character of the birefringence was found to be positive. 
Thus, in all of its crystallographic and optical relations the material studied is 
like tyiHcal dioptase from other localities. "^ 

Chrywadla. — CuSiOa+nH^O; 36.<.>5 per cent Cu. This mineral occurs 
very commonly in the oxidized part of the deposits, but does not, except in 
some cases, constitute an important ore. On the whole it is more abundant in 
the deposits in porphyry and granite than in those in limestone. The usual 
bluish-green or dirty-green colors and conchoidal fracture characleriae it. It 
occurs in seams or coatings at many of the mines, abundantly in the Mammoth 
mine on contact fissures between porphyry and limestone; at seveial prospects on 
the Stevens group in Chase Creek near Crarfield Gulch; in the Las Terrasis fissure 
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vein in porphyry near Metcalf ; at ttie Metcalf mines; at many of the prospects 
between that place and Morenci, and at the Modoc open cut, Morenci. A technical 
analysis of chrysocolla ore from Las Terrazas mine by the Arizona Copper Com- 
pany gave: 

Analysis of chrymcolla ore from Leu Terraaa^ mine. 

Per cent. 
SiO, 31. d6 

CuO :«.90 

H,0 26.30 

AlA 3.80 

Undetermined 3. '^ 

Normal chrysocolla should have 34.2 per cent SiO,, 45.2 per cent CuO, and 
20.5 per cent HjO, but the analyses show great divergency, many probably l)eing 
mixtures. Moreover, what has been called chrysocolla probably includes two 
mineral species. 

The optical characteristics of chrysocolla seem imperfectly known. Dana 
states correctly that it is cryptocrystalline, while many other text-l)ooks, notabl}' 
one issued in 1902 by Professor Miers, call it ''amorphous.'' 

In mast cases the mineral indeed seems cryptocrystalline with bluish-gray 
colors of interference. But this is by no means universal. Chrysocolla from the 
Modoc open cut appears as mammillary crusts of bluish-green color on " copper- 
pitch ore." The latter is isotropic and undoubtedly a distinct mineral from the 
chrysocolla; it is of a brown color in varying tints, some of it opaque and showing 
evidence of concentric deposition. On top of the chrysocolla are thin crusts of 
quartz and some calcite. The chrysocolla has three diflFerent structural forms, as 
seen under the microscope: (1) Cryptocrystalline to microcrystalline aggregates of 
particles with high birefracting index; (2) very fibrous and felted aggregates of 
the same substance, giving undulatory eflFects between crossed nicols and medium 
high colors; (3) fibrous crusts on top of the first-named form or thin layers between 
masses of the same, the individuals having such a remarkably parallel orientation 
that the aggregate of them appears almost like single crystals between crossed 
nicols, with black shadows sweeping across them when the table is turned. 
Extinction is parallel to the fibei*s; double refraction strong, about like augite; 
character negative. The same optical characteristics were repeatedly observed in 
thin sections of chrysocolla from Metcalf and other places. Reniform deposits 
were sometimes noted, the center of cryptocrystalline material being coated with 
coarsely fibrous and highl}' birefringent material. 

Sections from the Coronado and Metcalf mines often show pseudomorphs 
of pyrite, consisting of a shell of limonite with a kernel of fibrous chrysocolla. 

16859— No. 43—05 8 



^It f OFFER OEPr>riITH OK CLIFTON -MOBENCI DISTRICT, ARIZONA. 

•piv.imirn.* fffifii thff Rattlesnake claim, IJ miles northwest of Morenci, showed 
'rn^^j0'ry ^tzlWne rhrynocolla containing needles of a doubtful mineral with parallel 
>mu^ti//fk aiid hirefringence about like quartz. The material contains a con- 
4ij>rf:^r^ ^ktftfmni of phosphoric acid and also a little lead. 

T>j#r o^J^*;r\'ations of Jannetaz'' on chrysocolla from Boleo, Baja California, 
iUr%it0K l*rd Uf thi* name result8 as described above, but seem generally to have 
*^!M* </v*?rkK^kijd by editors of text-books. 

Cofff^er-fnt^.h trrti. Tnder this old (rerman name is described a dark-browni 
t// i^'\L *iulmtiinc<«9 sometimes dull, but generally with glassy to resinous luster: 
tmrdnistm^ aUjut 4; streak, dark brown. It occurs among the products of oxida- 
turn of thi; depcMits in limestone, as at the Detroit and Longfellow mines and 
thtf M^ftliH' open rut at Morenci, and is associated with azurite, malachite, and 
iiirytuM'olUk, ofUtn inclosing these minerals or replac^ing in branching veinlets, 
UfKHtin^r with azurite, a shale-like mass, probably largely composed of kaolin. 
Ill tbin Mictions it is sometimes opaque, but often also translucent, gradual tran- 
niiiiPUH o^itainirig in the same section, and occurs in irregular or concretionar}* 
umjmm, often iumUdmny^ small embedded crystals of a doubtful mineral, possibly 
II nWu-mUi of zinc. lietwcen crossed nicols the translucent mineral always proves 
entirely iniitropic and, except for varying depth of color and the small ci*ystals 
mentioned, in entirely homogeneous. 

A rough preliminary analysis by Dr. W. F. Hillebrand of selected pitch-black 
fuaterial from the Detroit mine gave: 

AruiltjmM of rop})er'pitch (irre from Detroit mine. 

Per cent 

CiiO 2S.6 

ZnO 8.4 

MnO, 21.2 

Ke,0,^ Al,(), PA •* 

Inuolulile in HCl 22.8 

Ignition \om 16.3, lesB oxygen due to conversion of MnO, to* 
MnA 13.7 

98.7 

Similar material surmounted by crusts of chrysocolla from the Modoc open 
cut contained much MnO, with a good deal of CuO and ZnO and is thus evidently 
the same substance. To this analysis Doctor Hillebrand remarks that Mn is 
largely but not certainly wholly present as MnO,. The insoluble portion consists 
of silica; it is wholly separated by acid without need of evaporation and is nearly 
all Hfiluble in dilute KOH. It is not possible to say whether 8iO, is in combi- 
nation or as opal, but it can not be present in any other form. 

a Bull. Soc. Min., Parift, vol. 9, 1886, 211. 
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Most of these copper-pitch ores, known from many districts, have been 
described as impure chrysocolla. As shown by the optical characteristics, how- 
ever, they are not a mixture, and they certainly do not contain any chrysocolla, 
the characteiistics of which are very diflFerent. They probably represent a series 
of closely related compounds, the chemistry of which has not yet been fully 
elucidated. Prof. G. A. Koenig" describes a similar mineral with the same isotropic 
character from Bisbee and names it melanochalcite. Its composition is different, 
as shown by the following analysis: 

AncUygU of melanochalcUe from Bisf/ee^ Ariz. 

Per cent. 

CuO 76.88 

SiO, 7.80 

CO, 7.17 

H,0 7.71 

ZnO 41 

FeS, 07 

100. 04 

Mr. Koenig considers it as a basic salt of an ortho-silico-earbonic acid. No 
CO, was found in the Morenci minerals. In conclusion, it would seem that the 
chemistry of these copper-pitch ores would bear further examination. 

MorencUe, — In a lime shale on the intermediate level of the Arizona Central 
mine, Morenci, 200 feet below the surface, brownish or greenish spreading masses 
were found containing brownish-yellow, silky, fibrous seams. The inclosing mate- 
rial consists largely of the same material as the seams, but impure and mixed 
with a little chlorite and pyrite. The whole bears evidence of being a product 
of oxidation of some contact metamoi*phic mineral. 

The fibrous mineral on the seams forms a felted aggregate as seen under the 
microscope, but it is well individualized and contains few impurities except a 
little pyrite and chlorite. The minute fibers are brownish yellow and slightly 
pleochroic, being darker when parallel to the principal section (opposite the 
})ehavior of biotite); the birefringence is strong and extinction prolmbly strictly 
parallel to the fibers. No mineral corresponding to this has been descril)ed, but, 
although its individual character is beyond doubt, the analysis does not lead to a 
satisfactory formula. The material for the analysis was picked out carefulh' 
under the lens and, examined under the microscope, proved satisfactorily pure. 

Doctor Hi^ebrand, who analyzed it, remarks as follows: 

*'The analysis afforded the results of the first column of figures below. In 
deducing the molecular ratios of the second column there has been deducti»d 
suflicient lime to form apatite with the phosphoric oxide. 

a Am. Jour. 6ci., vol. 14, Dec., 1902, p. 404. 
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Anniy^ijt an^ moiemlnr mtiofi of nuyrfnvnte frnfa Arizona f.'entmi mtnt^. 

Per cent. 

8iO, 4r5.74 

TiO, Tnk^. 

Al/>, 1.98 

Fe,r), 29.68 

FeO 83 

Mn<^> Tnfcce. 

CaO 1.61 

M)<<) 3-99 

K,o 20 

Na,<> 10 

H/> lt)f>^ 8.84 

H/> l.5«>*^ 12 

H,0 below re«lne»8 4. 27 

H,0 reiineen 69 

C«^> Little. 

Fefi, 66 

P.O^ 18 
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'^It would seem from the temperatures at which the water is driven off that this 
mu8t exi8t in two conditions, and that four-eleventL< of it must he held more securelv 
than the remaining seven-elevenths. The attempt to accoimt for foor molecules of 
water as constitutional, however, led to no simple or seemingly probable formula, 
whereas if all water is excluded the ratio is that of a metasilicate— R",R'",(SiOj)",i. 
On the other hand, to iocJude the whole of the water as essential to the silicate 
molecule, for which there is little ground in view of the ease with which most of 
it is expeUed, leads to an orthosiUcate ratio— H'„R",R',(SiO,)'"\jr 

On the whole, considering also the bad summation of the analysis, it is more 
rational to regard the mineral as a hydration product of an original metasilicate 
molecule than to attempt to construct a complex formula which could have but a 
very doubtful value. Considering that the mineral is not a mixture but is optically 
well individualized, it has been thought best to fix its identity by means of the 
name of morencite. 

Calcite. — In almost pure, fairly coarse, granular form, this mineral con- 
stitutes the uppermost KX) feet of the Modoc formation (lower Carboniferous). In 
the Longfellow formation it is also abundantly represented, but there it is always 
associated with silica and sometimes with dolomite. It occurs further in the 
contact metamorphic rocks in very coarsely granular masses, or as small veinlets 
with magnetite and pyrite. It appears more rarely as small rhombohedral 
crystals (1'2R and R) on decomposing metamorphic rocks, especially in the copper 
deposits contained in them, as at the Modoc mine on drusy quartz rock, and at 
the Detroit mine on partly altered shale. 

Dolomite. — Occurs in granular form as beds in tlie lowest part of tlie Modoc 
formation, and mixed with calcite in places throughout tlie Longfellow formation. 
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It is further contained a.s a secondary product in small fissures in lirae shale and 
porphyry in the Ryerson mine, and is then usually of earthy appearance and with 
cry ptocrystal line development. 

Carhatiate of zinc. — The presence of carbonate, and probably also silicate, of 
zinc is indicated, according to Doctor Hillebrand, in some of the **cap rock'' from 
Shannon Mountain, consisting chiefly of magnetite and garnet. This is also borne 
out by the analysis on page 314. 

Malachite, — (CuOH)jCOj; 57.4 per cent Cu. Malachite, a basic cupric i-ar- 
bonate, is one of the most conmion of oxidized copper ores in the irregular and 
tabular deposits in limestone, while it is far less abundant in the lodes contained 
in porphyry. The finest specimens came from the Detroit (Humming Bird), 
Manganese Blue, and Longfellow mines at Morenci; but few, if any, of the 
mines are entirely without it. It occurs in intimate association with kaolin, 
limonite, azurite, and brochantite. The mineral is monoclinic and often occurs 
in complicated twins and fibrous bunches of crystals. Simple crystals are usually 
very small; the basal cleavage is excellently developed. Very fine radiating 
bunches were obtained in the Standard mine, a mile below Metcalf ; the larger 
crystals are flat prisms with well-developed clinopinacoid, while some microscopic 
single crystals proved to be thick-tabular with predominant basal plane. Mala- 
chite has a light-green color and shows in simple crystals a notable pleochroism 
ranging on. the basal plane from b yellowish green to jc bluish green. Single 
prismatic crystals also show slight pleochroism. In larger prismatic crystals 
complicated twinning generalh' obscures the pleochroism. The axial plane lies 
in the clinopinacoid, and it is stated that it makes an angle of 23^*^ with the 
vertical axis, but the maximum extinction in the prismatic zone in the material 
examined is only 17i^. Superimposed individuals are the rule in the larger 
crystals, and these remain light between crossed nicols. The index of ^fraction 
is 1.87-1.88; the maximum birefringence is high, probably in the vicinity of 0.1, 
as a rule giving rise to greenish white of a higher order. Malachite generally 
occurs in fibrous aggregates, sometimes forming perfe(»t spheres and often inter- 
grown with crusts of azurite. It often develops by replacement in shale as 
small crystals, grains, or fibers (PI. XV, ^1). A small spherical mass of crystals 
consisting of malachite was found on Metcalf Hill and doubtless represents a 
pseudomorph after azurite. 

Azurite. — (CuOH),Cu(COj)j; 55.22 per cent Cu. This beautiful dark azure- 
blue mineral, which is also a basic cupric carbonate, accompanies malachite in 
the oxidized deposits in limestone, and is not so often found in the fissure veins 
in granite and porphyry. In the Longfellow, Detroit, Manganese Blue, and 
Shannon mines it formed large masses of ore, while it scarcely occurs in 
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the great chalcocite veins of Copper Mountain, not even in the upper levels. 
It in not uncommon in the ix)rphyry of the Metcalf mines, but there smaller 
masses of limestone are not far distant. Azurite frequently occurs well crystal- 
lized in monoclinic tabular or wedge-like forms, and these crystals may either 
develop in open spaces or replace soft rocks like kaolinized shale. The crystals 
often combine to sheave-like or spherical aggregates, sometimes weighing 40 
[x>unds or even more. These stalactitic masses occurred, among other places, in 
the Detroit mine'' in crusts alternating with malachite, the mineral occasionally 
having fibrous structure. The association with kaolin is frequently noted, also 
with the black copper-pitch ores. As to succession it is often the latest mineral 
formed. Whether formed by replacement or crustification, azurite is apt to 
develop in large single individuals, appearing in thin section with wedge-shaped 
outlines, and extinguishing parallel to the extension of the crystal. There is a 
slight pleochroism, jC paler blue, a and b deep pure cobalt blue. The birefrin- 
gence is rather high. 

Libethenite, —H/Ju^P^OiQ. T^^^^ hydrous basic phosphate of copper was 
found 30 feet below the tunnel level of the Coronado mine in the main ore 
shoot. It is a matter of interest to record its occurrence, for this rare mineral 
has never before been noted in the United States. It occurs in small crystals, 
less than 1 mm. in length, deposited in cavities and seams in a quartzit^ gangue. 
The mineral was identified by Prof. S. L. Penfield, who also kindly measured 
and figured the crystals. Professor Penfield describes the mineral as follows: 

**The only associated minerals are occasional clusters of minute quartz crystals 
and small tufts of radiated malachite needles. The color of the libethenite varies 
from light to dark olive green, depending upon the size of the crystals. The habit 
of the crystals, as shown by the accompanying illustration, is a combination of the 
prism m (110) and brachydome e (Oil), which is exactly like that commonl}' obser\'ed 
on libethenite from foreign localities. On an occasional crystal the brachypinacoid 
h (010) was also observed. Although the crystals are brilliant, the faces are gener- 
ally vicinal and give uncertain or multiple reflections of the goniometer signal. The 
l>est reflections were obtained from the faces of the dome e, and three measurements 
of e^e", Oil ^011 gave i)9- 52', 70^ 18', and 70^ 14'. The last measurement, obtained 
from the best reflections, is close to the value 70^ 8', obtained by Rose. The best 
measurement of the prismatic angle gave la^m" ', 110^lT0=87^ 11', which, consider- 
ing the vicinal character of the prismatic faces, is reasonably close to the value of 
Rose, 87^ 40', as given in Dana's Mineralogy. A small crystal resting on a prismatic 
face, when examined in convergent polarized light, showed an optical axis nearly in 
the center of the field, with the dark bar running at right angles to the vertical axis, 
thus indicating that the optical axes are in the plane of the base, as determined by 
Des Cloizeaux. The presence of copper, water, and phosphoric anhydride were 
determined by chemical tests." 

a Given a& the Humming Bird mine in the literature. 
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A more detailed research would probably reveal Hinall quantities of phos- 
phates from other mines near Morenci. They are certainly not abundant. 

BrocJiantite, — H^Cu^SOio; 56.10 per cent Cu. This basic sulphate of copper 
is usually supposed to be one of the rarer minerals of this metal. It was, how- 
ever, discovered at a few places near Metcalf and Morenci in well-developed 
crystals, and this led to a systematic microscopic examination of the green ores, 
hitherto supposed to be malachite. The result was surprising, as the mineral 
was proved to be of extremely common occurrence, mostly intergrown with 
malachite, which had effectively masked its presence. It is believed that a 
careful examination of many so-called malachites from other districts will dis- 
close the overlooked importance of brochantite as a copper ore. 

Brochantite is frequently crystallized in the short but stout rhombic prisms 
combined with dome and brachypinacoid characteristic of the species. Needle- 
shaped and flat crystals are more rare. The crystals are usually of small size and 
frequently microscopic. The mineral occurs as lighter or darker emerald-green 
crusts on limonite or sericitized porphyry from the red-ore body in the Shannon 
mine, from the Metcalf mines, and from many other places; as fine-grained aggre- 
gates in altered porphyry from the Shannon mine near the surface, where it 
constitutes valuable ore with up to 30 per (»ent copper; as flat pieces or even 
foils with almost pearly luster, in croppings from the King vein, filling seams 
and coating porphyry fragments; as flat stellar aggregates of bluish-green foils 
in croppings of the Copper Queen mine between Morenci and Metcalf; and finally, 
at places near Morenci, as, for instance, in the Copper Mountain and Montezuma 
mines, at the latter locality replacing chalcocite. It would probably not be found 
absent from any mine in the district containing oxidized copper ores. On the 
whole the mineral is most abundant in fissure veins in porphyry, though also 
occurring in the irregular de|>osits in limestone. Malachite often develops later 
than the brochantite. 

Brochantite has an excellent cleavage parallel to the brachypinacoid. The 
macropinacoid is the axial plane, and the acute bisextrix is seen emerging in 
cleavage foils. The pleochroism is very ^slight. The birefringence is much lower 
than that of malachite, being about equal to that of augite. This, as well as 
the absence of twins, distinguishes brochantite from malachite. The reaction for 
sulphuric acid is, of course, a valuable aid. 

Al'unitc, — KjO,3Al,03,4SOs,6H,0. This white and inconspicuous sulphate of 
potassium and aluminum was found filling a narrow seam on a contact between 
shale and porphyry- in the main adit of the Ryerson mine at Morenci, where it 
forms a white earthy mass not unlike kaolin. 

It is also found in some altered porphyries of th^ same mine associated with 
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i»fvi*» 7«»i4«'Av rh»» \\\(\^^ of ri»frai!tat^n it* low. 

O^f^' •" ( \Vi¥>^^'2i\Ji>. C.ommon in oiciiiizi*<l iep«>Kin* in [ime^*A)iie. m^ miij 
i» .»:<pi»i*ri**ti I'l'om rhi* f*i*r r.luvr .t lttr<r* p*trt; of nni* '•t>ppf*r <!arH#>iiiua*?* rin* fonutKi 
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Uf\Kio^ f.lv* M:in^ni»««» Wni> mint* inrli^M* piaa*** rinil 'TyMiaiH of •Miprim. 

.V^/*^/a>x. K^^I.'u,Al^-l^^>,.j. Tliiw ptwtiliiir minifraL ♦**4#*«Hiciiiil7 a hiirhiT 
KttwV 'M^I'phiiO ^»f <*r>pp«*r :inri ^Utunimi with. «!iiJt^ci*ii* of <!oppt«r. watr ♦fccow^red 
jMrii (i<>«*Mdhwi Ivy Prof. .^. [^ P«»niii*ld ' -MHm* iiftji»^ii yHJurn aipx The -^pecim^n 
(mMM^ Uef(>o^ ine^dxp^, poinc \vithin ^)*> miW of TofiLbHik>iiif« Aria.. :iiui prv^bthbly from 
6M«^ <vf (tli^ ^9^!9A ^fif^^x <^»mpK of tiu^ terriiiorT. SMnHwium liUk^r it w:ii^ BdiHttilbed 
Hb^ f^i^rWf. St.- A. Munr?^ on two^ ^»pi»f^nxii»nt^ frf^>cii CovnwmEL Kn^tmrf^ ban tifae AmmeAB 
lUf!ii4&6v t^<^ i^^ y^ ''^^^^^ ifmfA. It b th*^re^f4->ff« ;i mxOBUtz of infiiHr^^ ti> reiford 
iiU <4&^iy^<Mry( <'>n' ^v'ynii^ ^«fy(i;Tin«^iiK firofa ti&K^ >i«^t«ftlf mraie^ 4i>f fiiuf AiiaiMiifc C€)|)|ier 
f l^mn^^ty^ tbvl^^im' from Ebe wovkni^ ia ti!i«^ ^rnnU •>!)«& i'tzt ik>4 bmicv- Htuk 1*)M feet 
Mlv^ ((ll»*r Mvrf«^. Tlii^?^ ^i^pmmwe^ eotk4«4 of white ^itrbintiKd inrauutte^-porpktjrT. 
iW i^M^tt ^tiifiii^iilltivfr toiA Xt%x9TmA W Teinlet^ %aA XrvtigoSi^ bus«(<«i^ oI rtqiiite: the 
(MVj^lifUir <wAii<«mt^ MrtVT^ o^iDfpper ftnd i» colored by en&<t;> of mdkdiite, h«oeliAiilite« 
mA &^j^f^.f4h^ A A^rft mnd iscalr bInlJi-gTeen cattinir on tbe eiinniocoUi prored to 
&xm^ ^4 n^ff^if^ff^nnA hf^jmgmud enr?4ak or cJe«fikge foikk. fenniiiiiiig dbrk between 
^^i^m^M ^^At. It wav^ idiimtified bj Doctor Hillebnuid as spui|^olile^ a detemuna- 
ftiMPAi 'm #kieAi Fr(rjrf#9iiMrj^r Petifield Goocarred. No nieiismrable cirstmb were fooiid 
^aHI $im mUmtni h r«rrj itKOOifpiciioas. It L> difficult* if not impoti^ble* to obtain 
mfU^^cfMi <»^rrlr fr#^ from accompanying minerals. 

iUH¥'f>^r$$inj( itm #'bemir:ai examination. Doctor Hillebrand reports as follows: 

** M^^U^l UhiuAt fhikeH from thi^ specimen gave tests for water, and the sol* 
I^MUUif uU4i i^UUftimt umn^ besides copper. There was too little of this pore 
fimUcriMi Up p$^.rtnii a tef^ for alumina, but the mixed copper minerals composing 
U^ ^r«'i»t#rr fmri iff the Kpecimen showed the presence of this body. It seems 
i\mrt^Um* probabli? on the^e grounds alone that the bluish flakes are spangolite. 
SfitmWnm, phoMphoriM, and arsenic are absent. The closed-tube reactions of the 
m\%M i*4)\$\mr minrfralM are very striking. Water is given ofl^ firsts Then appears 
9^u\t[t^u\y a wbit4; Muhlimate (AlCl,?) near the assay which seems to form or at 
$m*M ^'harigD to rninute colorless drops. This deposit can be driven slowly up the 
tMlM% fotlowi*d at it** lower, sharply defined edge, by dark yellpw-brown drops 
((/M(/1«?) whiirh on vAJoWng solidify to greenish crystalline aggregates, and the 
\mf\' of th<! tulK5 between them and the assay shows under the lens delicate 
itm\)mty cryMnllizationH like frost markings on window panes. Down in the flame 

« Am. .four. 8ci., vol. 39. 1890. pp. 21f>-97^. 
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the glass becomes colored red (CugO?) and in parts yellow. On charcoHl the 
blowpipe flame is colored azure blue and at the same time green. 

'*In order to compare the above closed-tube behavior with that of undoubted 
spangolite, a small fragment of the latter, oflFered by Doctor Peniield. was tested. 
It gave water and then a white sublimate like the one abov^e mentioned, followed 
by a dark olive-brown liquid, which on cooling passed through lighter shades of 
color and solidiiied as a bright-green ring. In geneml this behavior is very like 
that of the mixture under examination from Clifton." 

Chalcanthiff or hhi£ vitriol, — CuSO^+SH^O; 25.3 per (;ent Cu. Common as 
filling of small fissures, as coatings, or as efllorescences in the lodes in por- 
phyry of Copper Mountain and elsewhere, especially above the upper limit of 
the chalcocite zone, but very rare below this limit. In one of the upper levels 
of the Joy shaft it forms stalactites almost filling the tunnels. It occurs 
in fibrous or distinctly crystallized forms. Melanterite, or common copperas 
(FeS04+ 7HjO), '^ "^^ abundant, while pisanite, the sulphate of copper and 
iron, probably occurs together with the chalcanthite. No ferric sulphates have 
been found. 

Goslarite and epsomite, — ZnS04+ 7HjO; MgSO^+TH^O. These occur as 
white, long, and delicate capillary efSorescences on the walls of tunnels, and 
soon disintegrate to a powder in the air. There are evidently several isomor- 
pbous mixtures of this series. 

Dr. W. F. Uillebmnd identified goslarite with some magnesia, and a little lime, 
copper oxide, and manganese, from the Arizona Central mine. Epsomite and a 
mixture of epsomite and goslarite was found in the Montezuma mine, as well as 
a sulphate containing both zinc and copper. 

Gerhardtite. — H^Cu^NjOig. The cliflFs of gi-anite-porphyry in the deeply eroded 
Chase Creek Canyon at Metcalf show in many places a bright-green coating of some 
copper mineral, which, no doubt, is formed by the trickling of atmospheric waters 
over and through rocks containing a small percentage of copper. This is not 
surprising, for porphyry in this vicinity is altered throughout by quartz cemen- 
tation and disseminated cupriferous pj'^rite. This ''green paint,'- as it is frequently 
called, is not soluble in water, and, when more closel}' examined, consists of small, 
dark-green, roughly mammillary forms coating the rock to a thickness of a few 
millimeters. Examination by the microscope fails to reveal any recognizable 
mineral in the cryptocrystalline mass. 

Chemical examination by Doctor Hillebrand led to the interesting discovery 
that the copper minerals present consist of a nitrate and a chloride, neither of 
which has been found elsewhere in the mines of the district. Detrital grains and 
some silica seem associated with these compounds. The nitrogen is difficult to 
account for, in the absence or scarcity of animal substances which might have 
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yielded it. Possibly it is contained in the porphyry. Doctor Hillebrand's i*emarks 
concerning this niineml are as follows: 

•'The closed- tiUje reactions of the copper minerals forming the mixture on this 
specimen are as striking in their way as those of the mixture containing spangolite 
described elsewhere. Water fii'st appears, then brownish nitrous vapors, followed 
b}- a sublimate which is not very volatile^ which becomes black on further heating, 
but on cooling yellow-brown. The glass at the bottom of the tube is often yellow - 
brown when cold. After some hours the sublimate nearly disappears or becomes 
greenish from absorption of water. If the water which condenses in the upper 
part of the tube on first applying heat is driven out by the flame and the mouth of 
the tube is held in the flame, this is colored deep green by a volatile copper com- 
pound (chloride ?). On charcoal the flame is azure blue and at the same time green. 
Vanadium is absent. 

'^The mixture contains presumably the basic nitrate gerhardtite and a chloride 
which is perhaps atacamite. Spangolite the chloride can hardly be, for the slight 
amount of SO, shown by test does not seem suflicient to account for the large amount 
of chlorine.*" 

The only place from which gerhardtite has previously been identified is at the 
Jerome mines in the central part of Arizona, where it is associated with cuprite and 
malachite. It was discovered by Messrs. H. L. Weils and S. L. Penfieid. 
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CHAPTER IV. 

METASOMATK^ PROCESSES. 

GEXERAL. STATEMENT. 

Metasomatic processes are those by which, through chemical reactions, and 
inainly by aid of water, one mineral is changed into another. In practically all 
cases they cause a partial or a complete change in the chemical constitution of the 
mineral and involve loss or gain of substance. On account of our lack of knowl- 
edge of the exact reactions involved, it may sometimes be difiBcult to decide 
whether a replacement is effected by separate dissolving and filling, or by one 
or several chemical reactions. In cases of complete molecular replacement, such 
as galena after calcite, the replacing mineral was probably present in the active 
solution, partly dissociated or ionized. The solution of a certain quantity of the 
original mineral caused a .separation of a corresponding quantity of the ions of 
the replacing substance according to physico-chemical laws. If carried out on 
these lines the process is necessarily molecular and chemical. Where two solu- 
tions existed — one dissolving, the other depositing — and where a certain time 
intervened, the process is a mechanical one and should not, I think, be considered 
metasf^matic. In some cases the distinction may be difficult to draw. 

Kockii are metasomatic if any or all of the constituent minerals have under- 
gone partial or entire metasomatic changes. It is thus not necessary that they 
should, as a whole, have suffered a change in their chemical composition, though 
in the great majority of cases this has undoubtedly taken place, at least to some 
extent. Metasomatism, then, is a wide term, including the earliest transformations 
after the rock has been formed and the last ones active in it until disintegration 
finally destroys it. A still wider term is '' metamorphism,'' which covers anj'^ 
changes in composition or structure of a rock through whatever agency and 
whether with or without gain or loss of substance. 

From the standpoint of the mining geologist, these processes are of para- 
mount interest, and it has been thought best to devote a separate chapter to 
them in the discussion of the ore deposits of Clifton-Morenci. 
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That form of iiietanior|)hism which is associated with long-continued and 
strong pressure, and which, In^sides nietasomiitic changes, results in schistose or 
slaty structure, is singularly absent in the Clifton district. The only epoch in 
which dynanio-metainorphic pro<*esses w(>re active here on a large scale antedates 
the Cambrian age. Schists of various kinds, principally quartzitic, constitute the 
Pinal formation, w hich is not represented within this special area, though oc<*urring 
in the northern \mvt of the Clifton quadningle. Similar dynamo-metamorphisiu 
lias not l>een repeated in this region since that veiy ancient epoch, though the 
rocks were subjected to stresses during the intrusion of the porphjTies, during the 
opening of fissures which followed that event, and during the epoch of extensive 
faulting which followed still later. On prominent vein and fault fissures some 
crushing has taken place, accomimnied by an incipient schistose structure, but in 
no case does this <*hange extend far from the original break. 

The changes to h>e considered are then almost wholly metasomatic, and their 
discussion may l>e grouped in several divisions: 

Cmnmo7i hydi*oiitet<iNt(trphl^in. — This, which is also described as static meta- 
^morphism, incrludes the changes effected under the influence of ordinary percolating 
waters at a moderate depth, but distinctly below the zone of active oxidation. 
The i)rincipal minemls formed are epidote, chlorite, serpentine, pyrite, zeolite, 
muscovite, quartz, eti*. Feldspars are ordinarily not formed. These conditions 
evidently rather involve transformation of material than gain or loss of substance 
for the rocrk as a whole. 

(JonUiei metanun'^phhm, — In the immediate proximity of intrusive granites, 
granite*porphyries, diorites, and many other allied rocks, extensive changes have 
often been produced in the inclosing formations. Most susceptible to change are 
clay sliales and limestones, which are frequently entirely- metamorphosed, both 
as to Htnu*ture and com|x>sition. The principal minerals formed are garnet, 
i^pidoti*, wollastonite, pyroxene, amphibole, magnetite, and pyrite in the lime- 
stones, and amphiliole, epidote, feldspars, biotite, andalusite, and quartz in clay 
slmles. Th4»s4», ('hungeH, which have l>een studied at a great number of places 
throughout \\w world, an* usually attributed to the combined influence of heat 
and magnmtic wat4»r pressing outward from the cooling intrusive roc»k. It is 
usually sUited (hat little gain or loss of substance has taken place in contact- 
nietauiorphii* rocks. This Htatement is not, however, in entire agreement with 
the rcNults obtainiul during this t^xamination. 

Hytltothrrmul mrtaniorphlHm, Si\\\ anothiM- form of metasomatic action is 
liiiUHi^d by hot or •MJit^rmal" wat*»rs, usually ascending along fissures and acting 
u|)on the surrounding rocks. This alteration is in most cases confined to the 
close vicinity of the HsNurt^H. Much of the ore may l)e produced in this manner 
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by replacement of country rock. The minerals most commonly formed in this 
district are pyrite, sericite, calcite, and quartz, but it will be shown that magnetite, 
pj'roxene, amphibole, and epidote may also be formed by these agencies. Feldspars 
are not commonly produced by this mode of metasomatism. Extensive gains and 
losses of substance often take place during this process. 

Proeesses of oxidation. — Under this heading will be described the alterations 
which the rocks undergo at or near the surface under the influence of oxidizing 
atmospheric waters. Especially interesting are the changes suffered by the contact- 
metamorphic rocks and by those previously affected by hydrothermal metasoma- 
tism. Both of these usually contain sulphides with valuable metals. The pure 
atmospheric waters are, by action on these sulphides, rapidly converted to mineral 
waters of great strength, and as such are the agencies chiefly responsible for the 
concentration of metals into deposits of economic importance. It will be shown 
that formation of chalcocite or cuprous sulphide is indirectly due to these oxidiz- 
ing waters, and that thus not only oxygen salts but also sulphides may result 
from this alteration. Gains and losses of substance are usually very great. 

COMMON HYDROMETAMORPHIS3I. 

This form of metamorphism affects the rocks of the district only to a limited 
degree. In the siliceous limestones of the upper part of the Longfellow formation 
it finds expression in fairly extensive replacement of the calcium carbonate by 
cryptocrystalline or fibrous silica, largely of chalcedonic character. This chert is 
grayish in color and forms irregular seams or bunches in which ragged residual 
masses of calcite may be embedded. 

In the quartzitic sandstones of the Coronado formation the cementing material 
is largely converted into sericite, but otherwise there is little alteration. The 
pure Modoc limestones and dolomites have suffered no change. 

The granite is generally affected by a chloritization of the biotite, which 
usually has entirely destroyed that mineral. In some varieties containing horn- 
blende secondary epidote and pyrite have formed. The feldspars contain a small 
amount of sericite. 

More extensive but still not materially affecting the character of the rock are 
the changes in the porph3a*ies, especiall}^ in those approaching dioritic composition. 
The most pronounced changes refer to the hornblende and the biotite, both of 
which alter to chlorite, frequently containing grains of epidote. Hornblende also 
changes to a mineral like bastite. Besides, epidote generally replaces the plagio- 
clastic feldspars, developing in them as large and sharply defined grains, sometimes 
giving the mineral an appearance of primary origin. Scattered chlorite also 
migrates into feldspars and groundmass. A little sericite is contained in the 
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feldsjnirs, and grains of pvrite are apt to develop in the ferro-magnesian silicate-s. 
Kaolin is not prominent in these rocks and probably forms chiefly close to the 
surface of the ground. All these changes take place independently of any mineral 
deposits, lodes, or veins, and are more or less extensively developed in all areas 
of |X)iph3'^ry. 

The changes in the Tertiary surface lavas are insignificant and chiefly consist 
in the formation of chlorite and serpentine. 

CONTACT METAMORPniHM. 

While granite and quartzite have undergone little change in contact with 
porphyry, great alterations have taken place in the limestones and shales adjoin- 
ing that rock. The.se changes may l^e noted along the contac^ts of the great 
porphyry stock as well as near dikes or smaller masses. 

REVIEW OF LOCALITIES AND CHARACTER OP METAMORPHISM. 

A great mass of diorite-porphyry, apparently laccolithic, 1^ by 1 mile in 
size, is intruded in the Cretaceous strata 3 miles southwest of Morenci. The 
sedimentary rocks are very little altered at the contact; at most a hardening and 
some development of epidote are noticeable. The same applies to the smaller 
areas of porphyi-y northeast of this mass. One of them, one-half mile south of 
Morenci, forms the top of a hill and rests on Cretaceous sediments, shales, and 
sandstones, which appear reddish and in places contain much epidote, but are 
not otherwise much altered. The metamorphism becomes more intense going 
north, and appears to be due to the vicinity of the contact of the main stock. 
Along the Eagle Creek foothills north of Gold Creek diorite-porphj^ry again 
prevails and contains many slab-like inclusions of varying size of Ordovician 
limestone, but at the contacts of these practicallj- no alteration is visible. The 
same applies to the long sill of diorite-porphyry intruded all along the contact 
l)etween the Coronado quartzite and the Longfellow limestone, and to the little 
stock of the same rock which occupies the basin of Garfield Gulch north of 
Metcalf. 

From all this it appears that the diorite-porphyry exerts a very slight action 
on the surrounding sediments, whether they be limestone or shale. 

Very different conditions obtain at the contacts of the quartz-bearing por- 
phyries, mainly quartz-monzonite-porphyry and granite-porphyry. The Cretaceous 
strata which cross Gold Creek in irregular masses, deeply indented and torn by 
the poi*phyry, are decidedly altered. The shale and fine-grained sandstone are 
very much hardened, becoming sometimes even flinty and of black or dark-green 
color. They contain a little epidote, pyrrhotite, and pyrite, besides more or less 
green hornblende, which has developed in the mass of the shale and in the 
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cement of the sandstones. In places the sandstone has acquired a quartzitic 
appearance; but withal the alteration does not compare in intensity' witli that 
suffered by the Paleozoic limestones. 

At the mouth of Pinkard Gulch, where the Ordovician ahal}" limestone is 
greatly cut b\' dikes and masses of porphyry, some of the included masses are 
almost wholly converted to epidote with magnetite and garnet; copper stains are 
abundant, and many small prospects have been opened. Between this place and 
the Soto mine, where Gold Creek crosses the Soto fault separating Ordovician 
limestone from granite, the same phenomena are repeated; garnet and epidote 
occur abundantly at the contacts and also along certain strata. But the altera- 
tion is not always extensive and some limestone masses seemed to have (»scaped 
almost entirely. 

For a mile northeast and southwest of Morenci the stock of monzonite- 
porphyry borders against the whole sedimentary series, which is less cut up than 
in the Gold Creek basin. Alteration has developed on a large scale; over an 
average distance of 1,500 feet from the contact the rocks are greatly transformed, 
in places to a width of even 2,000 feet (PI. XVII). There is very material 
difference in the manner of alteration of the various strata. Dikes l>oth inside 
and outside of the altered zone are followed by bands of metamorphosed rocks. 
The alteration shows no dependence upon fissures or veins, the only factor which 
seems to have any influence being the proximity of intrusive bodies. 

The Cretaceous sandstones and shales on Modoc Mountain and on the hills 
south and southwest of Morenci are altered to quartzites and epidote -amphil>ole 
schists, the latter of dark-green color and increasing size of grain as the porphyry 
is approached. The Modoc limestone, as well as the underlying dolomite, is most 
susceptible to change; a whole block of this formation extending from Modoc 
Mountain to the Copper Mountain faults has been almost bodily converted into 
a mass of calcium-iron garnet. This applies also to the exposure of the same 
formation in the next block, between the Apache and the Copper Mountain fault, 
(exposed south of the smelter. It is entirely' converted to garnet and epidote for 
2,000 feet from the contact, while the underlying shale and limestones remain 
almost entirel}^ unaltered. 

More or less disturbed masses of Morenci shales and Longfellow limestone 
adjoin the porphyry and extend along it for 1^ miles. The shale is converted 
to dense greenish rocks rich in epidote, amphibole, and pyrite, while the lime- 
stone contains garnet, epidote, pyroxene, amphibole, specularite, magnetite, pyrite, 
chalcopyrite, and zinc blende, in irregularly distributed masses. Garnet, however, 
does not form large bodies, as in the case of the Modoc limestone. Smaller, 
unaltered masses of limestone are sometimes contained in these areas. 
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Biotite, musc-ovite, and feldHpars are almost entirely absent among the contact- 
metamorphic minerals. 

From Morenci to Metc^lf the porphyry stock borders against granite, but at 
the latter place a small area of the Paleozoic series directly adjoins the granite- 
porphyry and is cut by several dikes projecting from it (Pis. I and XIX). The 
phenomena descril>ed at Morenci are here repeated. Practically the whole area is 
affected by the alteration. Chalcopyrite and pyrite form abundantly, together with 
garnet, pyroxene, and epidote. The small down-faulted limestone area at the mouth 
of (larfield Gulch is unaltered, except where a little epidote and magnetite appears 
in the immediate contact of the small dikes of diorit<»-porphyr3' traversing it. 

The stock of monzonite-porphyry at the head of Placer Gulch has produced a 
somewhat capricious alteration. While the limestone adjoining on the north is not 
noticeably altered, the many small inclusions of the same* ro<'k in the southern part 
of the stock are partly converted to epidote and magnetite, and frecjuently show 
copper stains. The long dike traversing limestone near the head of Sycamore 
Gulch lias changed the rock but little, epidote appearing only in places. 

The jstock at the head of Silver Creek, near the northern limit of the district, 
is composed of diorite-porphyry and has not changed the surrounding rock. 

The general mode of occurrence of this i>eculiar alteration decidedly eliminates 
it from being classed with either regional metamorphism or common hydrometa- 
morphism or hydrothcrmal metamorphism. The determining factor is evidently 
the presence of a quartz-bearing porphyry. 

Taken in connection with the widespread and well-known occurrence of just 
such alteration in the immediate vicinity of intrusive bodies, there need be no 
hesitation in referring these changes to contact metamorphism. 

THE MORENCI CONTACT ZONE. 

DIKES. 

In describing the complicated phenomena here shown it is perhaps best to begin 
with the dikes cutting the relatively unaltered strata on the east slope of Modoc 
Mountain, in the vicinity of the Longfellow incline. Most of these dikes distinctly 
alter the inclosing rocks; but the change is not always uniform, varying in different 
parts of the same dike and affecting each formation in somewhat distinctive manner. 

A well-delined dike of quartz-monzonite-porphyry 20 to 50 feet wide starts 
from near the summit of Modoc Mountain and continuen southeasterly, crossing 
the deep guh^h separating that point from the high limestone cliff at the eastern 
margin of the area shown on the special map (PI. XVII). The dike can be traced 
a few hundred feet outside of the limit of this area, but the exposures are not 
good and little contact metamorphism seems to exist. At the edge of this dis- 
trict it crosses the Morenci shales. These are greenish and distinctly hai*dened 
near the contact, but a few feet away regain their ordinary appearance. 
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In the Longfellow limestone, near the bottom of the gulch in a prospect tun- 
nel, the dike is adjoined by about 2 feet of epidot« and specularite, with a little 
garnet and green copper stain. On the northwest side of the gulch the dike is 
excellently exposed on the steep slope for a vertical distance of several hundred 
feet up to the summit of Modoc Mountain. Along both sides of it runs a dark- 
brown zone, caused by the oxidation of pyrite in the altered belt and contrasting 
with the fresher gray limestones. The alteration has proceeded irregularly, in some 
pla(»es extending horizontally along the strata to a distance of 20 feet from the 
dike, but ordinarily occupying a width of only a few feet. The dike rock con- 
tains a small amount of epidote and pyrite, but is hard and very little altered. 
There is no evidence of dislocations or fissures along either wall. 

A small tunnel near the bottom of the gulch on its northwest side gives 
good exposures of the altered zone, there only a few feet wide. The rock, 
bordering against the porphyry with sharp contact, is very hard and fresh, 
streaky gray and yellowish in color, and contains irregular masses of yellowish- 
brown garnet; (ihalcopyrite and zinc blende in moderate amounts are disseminated 
through the garnet. Thin sections show the garnet partly massive, partly in 
well-defined dodecahedral crystals, the latter with decided birefringence and divi- 
sion in sectors (PI. VII, A and C), It contains grains and smaller masses of 
chalcopyrite and zinc blende embedded in a manner to indicate contemporaneous 
crystallization. The gray parts between the crystals and larger areas of garnet 
prove to be thoroughly crystalline limestone of granular, noninterlocking struc- 
ture. Much finel}' divided calcite is included both in the massive garnet and 
in the separate crN'^stals of that mineral which form in the crystalline limestone. 
The residuary character of the calcite is very evident under the microscope. 
Quartz occurs in some places as coarse aggregates of anhedrons, and tine-grained, 
colorless pyroxene develops occasionally in the calcite grains. The line of division 
between the altered and unaltered rock is veiy irregular but rather sharp. It 
seems altogether out of the question that the apparently ver}' pure limestone could 
have contained enough ferric oxide to form this amount of garnet. 

A little higher up the dike enters the dense, dark-gray, argillaceous Devo- 
nian limestone. Here the alteration is not extensive, but alwavs shows near the 
contac*t, extending irregularly from it. For about 1 foot from the contact the 
limestone is almost completely converted to epidote; between this and the unal- 
tered limestone is a 5-inch transition zone, containing small but very abundant 
garnets, developing in the calcite. This relation of garnet and epidote has been 
repeatedly observed along many of these dikes. Immediately adjoining the 
intrusive mass epidote forms; garnet begins to develop a few feet farther away 
from the dike. Copper stains occur in places. 
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Still a little higher up on the slope the dike enters the Morenci shales. For 
a few feet from the contacts the shale is very hard and greenish: it has also 
lost much of its tissilitv. Some 20 or 30 feet away there is no external evidence 
of metamorphism, and the rock appears with its usual fissility and dark-gray 
color. Small specks of pyrite are common throughout this formation. 

A thin section of the apparenth' unaltered shale (No. 813 Cl. A) shows a 
cryptocrystalline aggregate, with evenly distributed flocculent grains of epidote, 
amounting to at least 5 per cent of the mass. A considerable part of the 
remainder consists of dirty-green extremely tine aggregates, of chloritic appear- 
ance, but showing mther vivid colors of interference; in view of the chemical 
composition, it seems plausible to regard them as glauconite, especially as glauconite 
in larger grains has ))een observed in the Cambrian shales just above the top 
of the Coronado ^uMruuion. The colorless cr\"ptocrvstalline mass in which these 
minerals iir«^ contained is prolwibly kaolin. Sericite is practicall}^ absent. A 
grcatiu" amount of recrystiillizatiori has taken place than the exterior of the rock 
would' load one to suspect. 

The rtlterod rock adjoining the dike, although macroscopically of differing 
jiPiXMi ranee, is, under the microscope, very similar to the rock just described, 
ine epidote is more abundant and l)etter individualized; and from the glauconitic 
material there seems to be forming another substance, likewise with vivid colors 
of interference and tibrous in structure, which probably is an amphibole. The 
two rocks just described were analyzed with the following result: 

AtinhjHi'H Ahnirintj reault of contact metnmorphli^in on hiack Devonian shnie. 

[W. F. Hillebrainl. iiiialyst.] 



I. II. 

i3i:U'l. A.) (31'^C1. A.) 



I. II. 

(313 Cl. A.) (3r2Cl.A.) 



SiOj . 
A1,0, 

Ca( ^ . 
K.,() . 



TiO. 



61.25 

15.60 

I.;i5 

:^04 

4. 16 

3. 40 

.44 

6.74 

.62 

' 2.09 

.66 

ZK).^ Trace? 



•« I'Hrtly MnO... 



60.51 

15. 81 

1.40 

2.64 

4.25 

2.;^ 

1.26 
8.27 

.59 
1.90 

.68 
Trace. 



CO,. 

S()3 . 

MnO 
BaO. 
8r() . 



Li,() . . 

FeS, -. 
CuFeSs 
ZnO... 



'•Total S. 0.14. 



None. 

0.08 
None. 

''.07 
Trace. 
None. 
Tmce. 

r.25 

M.03 

.03 

9?). 81 



None. 

0.08 

None. 

«.il 

.17 

.01 

Trace. 

f .04 

I Trace. 

.02 

100.08 



♦-Totals, 0.025. 



I. Fresh l)lack Devonian shale; on trail from Newtown to L<^njrfellow, 30 feet southwest of 
large porphyry dike. 

II. Gontact-nietaniorphic black Devonian shale; on trail from Newtown to Longfellow mine, 
at contact of large porphyry <like. 
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The composition of the unaltered rock differs somewhat from that of a nor- 
mal clay shale; the considerable percentage of lime in absence of carbon dioxide 
and the very large amount of potash are especially remarkable. The analysis 
confirms the microscopic diagnosis of epidote, kaolin, and a mineral related to 
glauconite, although the latter does not appear to be present in the amount which 
the quantity of potash would indicate. 

The only change of note in the rock adjoining the contact is decrease in 
lime and increase in alkalies, but neither is decided enough to justify any gener- 
alizations. The water has not decreased. Practic^alh^ the only change is thus in 
a development of an amphibole from the chloritic constituents. The principal 
mineral deposits and the main altered zone are so near that no safe deductions 
can be made from the very small amounts of zinc and copper present in lx)th 
rocks. 

From the Devonian shale the dike enters the lowest member of the Modoc 
formation, indicated on the map as the coralliferous lime. This very compact 
bed, which is only 6 to 10 feet thick, is entirel}^ unaltered, even at the immediate 
contacts. Above this the dike penetrates the upper part of the Modoc forma- 
tion, which is completely changed to the heavy brownish masses of garnet rock 
with epidote and magnetite, which occupy the summit and western slojje of 
Modoc Mountain. The change to garnet begins immediately above the corallif- 
erous lime and spreads irregularly from the dike for a hundred feet southward. 
It is not certain to what extent this poiphyry dike has caused the change, for 
there are several other dikes which join near the suumiit and the area falls 
within the general contact-metamorphic zone. At any rate, both sharply defined 
walls of the dike consist of garnet rock, while in the dike itself an unusually 
extensive replacement by epidote has taken place. 

Most of the other dikes on the southeast side of Modoc Mountain show 
similar changes along their contacts, but the exposures are rarely good. Five 
hundred feet south of the summit two dikes traverse the Modoc limestone, and 
show well-developed contact zones of epidote-garnet-magnetite rock. Copper 
stains and epidote appear along the contacts of the several dikes descending 
toward the Longfellow incline from Modoc Mountain, but oxidation *ha8 generally 
obscured the exposures. Below the brake house of the Longfellow inr'line are 
found the continuations of several of the dikes of Modoc Mountain. Thev show 
copper stains and epidote, together with a little pyrite on both sides. Two 
hundred feet below the brake house is met the porphyry sill, which lies at the 
base of the Ijongfellow^ formation, and which follows this horizon for a mile or 
more southward; but, while for the greater part of this distance the sill exerts 
little contact metamorphism, a great deal of epidotization is noted at this par- 
ticular place in the shaly limestone for 40 or 50 feet above and below the con- 
tacts. The metamorphism is observed to a lesser degree on the next ridge south. 
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where a prospect has been opened on account of the copper stain shown in the 
epidote. South of this almost all trace of alteration at the contac^t disappears. 

On the fourth tunnel level of the Longfellow mine the contact of the middle 
or sheet-porphyry dike with the Longfellow limestone is well exposed. The 
contact is closely welded and no evidence of joints or fissures can be seen. 
While the limestone some distance awav is almost fresh — (^ontainine onlv a little 
pyrite — that next the contact is greenish and filled with small grains of pyrite 
and chalcopyrite; it also contains thin seams of the same minerals. Under the 
microscope a granular crystalline limestone still forms the main mass, but has 
eml>edded in it a maze of minute colorless prisms of a pyroxene, probably 
diopside; a photograph of this slide is shown on PI. VII, B, The calcite also 
contains grains of pyrite and chalcopyrite, intergrown with magnetite: veinlets of 
calcite, chalcopyrite, and pyrite cut across the rock. 

On the ridge 1(X) feet al^)ove the office of the Arizona Copper Compan}' at 
the Longfellow incline is a big open cut traversed by three narrow porphyry 
dikes, as shown on PI. XVIL Large tumbled blocks lie in this cut, broken 
down from a bed of the hard and dense Devonian limestone; these nmst have 
almost adjoined the dikes. The limestone is nearl}^ unaltered except that long 
radiating needles of an amphibole, probably tremolite, and intergrown grains of 
pyrite and magnetite lie embedded in it. A few of the blocks contain, however, 
seams and irregular masses of yellowish-brown garnet, light-colored zinc blende, 
and chalcopyrite. Near these masses the dark-gi*ay compact limestone l)ecomes 
greenish and mottled, while the size of the calcite grains increases. A little 
quartz appears between the (uilcite grains, and small garnets develop in them. 
This borders pretty sharj^ly against a coarse-grained aggregate of calcite, garnet, 
zinc blende, chalcopyrite, and granular quartz (PI. IX), intergrown in a manner 
to indicate contemporaneous crystallization by replacement. Other specimens 
show tine birefringent garnets, embedded sometimes in irregular grains of quartz, 
and sometimes in coarse calcite grains (PI. VIII, B), Small prisms of diopside 
have also developed, as well as grains of chalcopyrite. 

The north dike of the Longfellow mine (close to the Longfellow hoist) has 
also exerted 'a strong influence on the limestone adjoining, converting it into 
garnet, magnetite, and much epidote. Most of these exposures ai*e now difficult 
to study on the surface on account of extensive oxidation, unless, 'as in the 
Longfellow open cut, some portions happen to remain unaltered. 

Many more examples might be described, but from the preceding it is evident 
that, independently of fissures and other ducts of mineral waters, local alterations 
take place along the contacts of quartz-bearing porphyry dikes by which garnet, 
epidote, diopside, tremolite, magnetite, pyrite, chalcopyrite, and zinc blende are 
formed by replacement of limestone; garnet forms especially in the Modoc pure 
limestone, while diopside and tremolite are more apt to appear in the aometiQies 
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dolomitic Longfellow limestone. Generally speaking this means an access of 
silica, iron, sulphur, copper, and zinc, for the limestones do not in any place 
contain these constituents in sufficient amount. This is evident in the case of 
the silica and iron, and, even admitting that the limestone might contain traces 
of sulphur, copper, and zinc, it is difficult to conceive of an}' adequate process of 
concentration which would be operative under the conditions obtaining during the 
intrusion. The only source available would appear to be the molten poiphyry 
magma. It has been shown that the dikes likewise exert a change in the clay 
shales, apparent in texture, color, and hardness, but the evidence does not show 
that the composition of the rock has been materially altered. While the altera- 
tion is general, its intensity varies greatly in different parts of the dike and in 
the various strata which it traverses. 

PRINCIPAL METAMORPHIC AREA. 

Within the main metamorphic area it is not always possible to identify the 
several formations, nor to decipher the structure. It can be done, however, in 
a general way and it seems best to deacribe the altered rocks according to the 
formations to which the}' belong. 

Pinkard fm*matio7u — Hard, reddish, slaty rocks with much epidote in streaks 
and bunches cover the top of Modoc Mountain and undoubtedly belong to the 
Pinkard formation. Similar rocks occupy the high hills 1,000 feet southwest of 
the smelter, where those nearest to the porphyry are decidedly more altered. 

The same formation is believed to occup}^ the high hill shown on the south 
edge of the special map from the Thompson mine to the Morenci-Eagle Creek 
road. The alteration is here very strong, and slaty green rocks have resulted 
with epidote and occasional smaller masses of magnetite. A typical rock from 
the northeast slope of this hill is hard, flinty, streaked dark green and grayish 
green with much minutely divided p3'rite. Under the microscope the principal 
mass consists of streaks of fibrous amphibole with disseminated epidote, pyrite, 
and quartz grains; these constituents are embedded in a cryptocrystalline mass 
which in part may represent the original shale substance. It probably contains 
quartz, kaolin, and chlorite. The summit of this hill, which is a few hundred 
feet outside of the southern margin of the area mapped, consists of a small area 
of hard dark-gray quartzite. 

Modoc formation. — This occupies the whole west slope of Modoc Mountain. 
Its southeastern part is almost wholly unaltered, a very irregular line with 
frequent detached altered masses dividing this from the metamorphic portion. 
This locality is of great importance, for the identification of the thoroughly altered 
rock as the Modoc formation i^ absolutely certain. The contact line with unal- 
tered rock is usually sharply defined. 
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Near this contact line tlie Modoc limestone becomes very crystalline — chang^es 
in fact to a coarse marble of crumbling granular structure, as niay be well seen 
at the limestone (juarry of the Arizona Copper Company; then, within a few feet, it 
becomes transformed to a mass of dark yellowish-brown garnet rock, with which 
are occasionally associated masses of greenish -yellow epidote and black magnetite^ 
On the surface processes of oxidation often veil the true character of the rocks, 
but the exposures at the Modoc open (»ut, in the gulch coming down at the 
smelting works and on the path between the smelter and the Detroit Copper 
Company's limestone <|uarry, leave no room for doulit as to the character of the 
main mass as garnet rock. An ill-defined area northeast of the smelter has \>een 
mapped as partlv altered rock. 

The garnet has colors ranging from yellow to chirk brown, most commonly 
yellowish brown, like dark honey. Samples from near the Detroit smelter, from 
the Shannon mine at Metcalf. and from the third level of the Arizona Central 
mine (the latter from the Longfellow formation) have been analyzed and proved 
to be an almost pure andradite or lime-iron garnet (3Ca(),Fe20„3SiO,). Quantita- 
tive analyses were made of two specimens, as shown below: 

Atiah/»ei* of tjarnet ami tjarnet r(>ck'8. 
, [Geonrt' Stclger, uiialvHt.] 



I. 



II. 



III. 



SiO, 



AlA 

Fe,0, 

Fe() 

Mg() 

CaO 

Na,0 

K,0 

HjO-iao** c. 

H/>-^105° C. 

TiO., 

CO, 

PA 

MnO 

CuO 

ZnO 



42. as 

1.53 

31.41 

.30 

None. 

23. 37 



None. 

Trace. 

.43 

None. 

None. 



36. 2« 
.78 

32. 43 
.32 

None. 

29.67 

None. 

None. 
.13 
.44 

None. 

None. 
.06 
.27 



35. 5 ! 
31.5 



33 



99.67 



100.36 



100 



I. From trail between smelter and Detroit Copper Company's lime qnairy. Representative 
rock. Modoc horizon, No. 406, Clifton collection. 

II. Summit, Shannon Mountain. Modoc horizon, No. 317, Clifton collection. 

III. Typicuil composition of andradite. 
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PLATE VII. 

Photomicrographs of Ores and Rocks. 

-1, Contact-inetamorphio rock (310 CI. A) at contact of iM)rphyry dike, 1,000 feet east-southeast of 
M(Klo<r Mountain. 

Garnet developinjr in crystalline limestone of Lonjrfellow formation. Dark gray=>camet, 
with intimately mixcnl resi<iuary calcite; lipht gray=granular calcite. 
Ordinary light. Magnified 15 diameters. 
Ji^ Contact-metamorphic rock (W2 CI. A) at couta<.»t of i)orphyr> <like, fourth tunnel level, 
Longfellow mine; Ix)ngfello\v formation. 

Prisms and grains of dio|)side developing in granular limestone. Darker masse8=fine- 
grained dioiieide. 
Ordinary light. Magnified 62 diameters. 
C, Contact-metamorphic rock (310 CI. A) at contacrt of jwrphyry dike, 1,000 feet east-southeast 
of Modoc Mountain. 

Garnet an<l sulphides developing in crystalline limestone of Longfellow formation. Black 
in center=zinc blende; black at margin of open field =chalcopy rite; light gray = isotropic 
garnet (in places hexagonal birefringent Imnds indicating dodecahedrons); dark gray= 
calcite, chiefly reaifluary granular masses in garnet. 
Ordinar}' light. Magnified 15 <liameters. 
Df Contact-metamori>hic rock (260 CI. A) from Arizona Central mine, third level near shaft; 
Longfellow formation. 

Black =clialcopy rite intergrown with garnet; gray=gamet mixiHl w^ith a little residuarj' 
calcite an<i granular diopside; white=3small aggregates of quartz. 
Ordinary light. Magnifie<l about 15 diameters. 
A*, Dioptase crystal, dinographic projection. 
Ff Dioptase crystal, orthographic projection. 
ftf Libethenite cr>'8tal, dinographic projecrtion. 
Hy Libethenite crystal, orthographic projection. 
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PLATE VIIT. 
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PLATE VIII. 

Photomichoc.kaphs of Ores and Rocks. 

Af Contact-inetainorphic rock (821 CI. A) from ridge of Shannon Mountain, 500 feet eouth of 
iShannon (iaj); Modoo formation. 

Dark gray=!Wirnet crystalH developing in crystalline limestone (light gray). The latter 
also contains K)me microst^opic pyroxene crystals. 

Onlinary light. Magnified 15 diameters. 
JB, CJontact-metamorphic rock (246 CI. A) from Longfellow mine, surface, 100 feet above ofiice of 
Arizona Copjier Company; Devonian limestone in Morenci formation. 

C=coar8ely crystalline I'alcite; Q=(iuartz, (^mrsely granular; (T=cry8tal8 of garnet, bire- 
fringent and with zonar structure, developing in quartz and calcite; Cu=chalcoi)yrite. 

Ordinary light. Magnified 22 diameters. 

138 






PHOTOMICROGRAPHS OF ORES AND ROCKS. 



PLATE IX. 
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PLATE IX. 

Photomicrographs of Orks and Rocks. 

A J Contact-iuetaraorphic rock (249 CI. A) from eurfatre pit of Longfellow mine, 100 feet above 
Arizona Cop|)er Company's offic*e. 

Fine-grainecl Devonian limestone, metamorphosed to coarse calcite, garnet, quartz, zinc 
blende, and chalcopyrite. 
Ordinary light. Magnified 22 diameters. 
Bf Key to A: Fc=Fine-graine<l oalcite of normal limestone, with dotted line indicating approximate 
transition to coarse calcite; C=coan*e-grained calcite; Q=quartz; 8=8ericite; G=gamet; 
Z=zinc blende; Cu=chalcopyrite; 0=open field. 

140 




■• ■• —"^ ■"">■ 












W 


'I 


f 


HI 




R " 






^^MlH 




HI 


u 


)^j9 


H^ ' ™ ™™ 


^H 


i 


i^ 


^^iH 




'v\ >a^a 


IP 


ti 'iaS 


ii¥)4^^pnl 












^■Rrii^'^' wf\ 


l^^iy 


D 




HpHHoEKSSIH 




^^^K 


9 




'nMBa.£LvfflHi 


^BH^^^t^^^^'^ij^^^K 


^^ 


i 




mM§9 




Ba^ 


^ 




W^t ^5^^ 


TR^v^^j^t^ 


^^ 


H 


£^8^''^ 


"*^^ 


. 'V^^^^^^H 


Hi 


1 




iHr 4 




PHOTOMICROGRAPHS OF ORES A 



•. 



PLATE X. 



141 



PLATE X. 

PH()TOMiCRO(;RAnis OF Okks and Kocks. 

.1, Contact-nit3tamorphic nK*k (22t) CI. A) from Arizona Central mine, lin>t level, 91 feet l>elow 
surface. First crosscut to Williams vein, north of shaft. 

Fyritic ore from contact-metamorphic nx'ks, <lerive<l from lim(?stoneof l^onpfellow formation. 
(^= n?si«luary ralcite; P=pyrite; M = majrnetite; Cu = chalcopyrite; Z=zinc blende. 

Ma);nifi(Ml 22 «liameterH. Dniwn from photograph by reflected! li^ht. 
Hj Omtact-metann^rphic n)ck (.'W7 (Jl. .\ ) from Shannon mine, Metcalf; breast No. 3 Black Ilawk 
tunnel, April, 19«)2. 

I)erive<l fn)m limc^.stone of Loujjfellow formation. L=tim^-grainecl mag:ncsian limestone, 
j>artly contact metamorphoHe<l, and containing; jrrains of diopside, magnetite, and pyrite; 
C=calcite veins c<^ntainin^ interjrrown j^niins of magnetite and pyrite (M P) and few 
small tremolite prisms; veinlets adjoinetl by jjradually fadinj; zone of tremolite (T), partly 
crystallized in minute prisms next to the calcite. 

Majjnified 22 (liameters. Ordinary light. 
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PLATE XL 

Photomicro<4Raph8 of Ores and Rocks. 

Af Contaot-metaraorphic rot'k (172 CI. A) from Fairplay roa<l, east slope of Copper Mountain. 

Medium-praineil limestone from Ix)ngfellow fonnation with magnetite and chalcopyrite. 
Mottled white and >rra y =Rranular limes«tone; black = magnetite (sharply (leiincni grains) 
developing by replacement; black grain at Cu= chalcopyrite; C= chlorite; 0=open field. 
Ordinary light. Magnitietl 44 diameters. 
By Contact-metamorphic nyck (same s|>ecimen). 

Magnetite (black, sharply defined grains) developing by replacement in granular lime- 
stone. 
Ordinary light. Magnified 44 diameters. 
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PLATE XII. 

Photomickoguaphs of Ores and Rocks. 

-1, Vein quartz (204 CI. A) from Montezuma mine, big pyrite vein 170 feet eouthwest of main 
shaft at <let'i> level aUjut 150 feet Ix'low surface. 

White (Q)=nKMlium-grained quartz; black (P)=cryHtal8 of pyrite; black (M)=aggre- 
gateH of niolylxlenite scaler; dark gray (S)=agpregates of sericite. This pyritic ore with 
about one-half per cent of copper was probably formed by replacement of porphyry along 
fissurt*. 
Ordinary light. Magnified 22 diameters. 

B, Vein rjuartz (205 CI. A) from Hame locality. 

Normal, coarse-grainwl, idiomorphic vein (juartz with fluid inclufiions. Probably formed 
by tilling of open cavity. 
Polarize<i light. Magnifie<l 22 diameters. 

C, Ore (2<")2 CI. A) from Montezuma mine, shale 8tope8 on Waters shaft level 50 feet below 

surface. 

Black =chalcocite in process of oxidation to brochantite (white and light gray); broch- 
antite alters in the veinlets to malachite (dark gray). 

Ordinar}' light. Magnified 22 diameters. 

14(5 



/- 




PMOTOMICROSRAPMS OF ORES AND ROCKS. 



L 



PLATE XIII. 



147 



PLATE XIII. 

PllOTOMH'RrX»R\I'II.s OF OrES AND ROTKS. 

/I, S<Ticitiz<;'l <|iiartz-inon»)nit^-j»<irjihyry ( llif# CI. A) from lyinjriVllow mine, fourth tunnel level, 
ni-ar l«jw<*r limit of «l«'iK>Hit, al>out i^) ftft Ik*1ow nnrfacf; from micMli' or sheet-iK>ri>hyry 
dike. 

F = i»laKi<i<'law* rrystaln convertcni to .seri<rite felt: (i = (rroiinilnuisp of serioite and «|uartz: 
p = pyrite <!r>'8talH repla<'inv^ feldnpar and )froun(lnia««; 1^ = voinlet of rpiartz. 

l'olari%(!<l lif^ht. Ma^rnified 22 diameters. 
//, Cuprite ore in Hericitizerl jiorphyry (324 CI. A) fn»m Met«'alf njinea in stopes 40 feet above 
WilHon tunnel. 

I^rKis n>unded, white ar«>af<=: quartz phentXTyntti; remainder <li);ht ^ray) =groundma88 
of [Kiqihyry, conHifitin); of quartz antl peririte; )»lack =lille<l veins of cuprite with shredn 
of native rropfKT and a few graiuH of chalcooite ))reaking acrof^t* the quartz. In the ground- 
ma»< the cuprit** fqireadH by roplarement of Heri<*ite and oecupiet* extennive areai*. Note 
flHHure veinlet on left, in (juartz, chantnnf; to replacement veinlet in gn>uiidma88. 

Ordinary li^ht. MaKnifie^l 22 diameters. 
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PLATE XIV. 

PHOTOMU KCMiKATHS OF OkES AND KcK'KS. 

A, Chalcocito on* (2W CI. A) from Uwrs«in ininr, first level, at elevation of 4,748 feet. Drift 
on IInni]K>l<lt vein, \iyi) ft*et north of end line Morenci crlaini. Lower limit of ehaloocite 
zon(^ 

Dark jrray=ehaleocite, 'levelopinjr by replacement in pyrite ( li.irht jrray). The chalcocite 
is a«*(<)mpanit*<l by small amounts of mieroerystalline ijuartz, serieite shreds, and kaolin. 
Blaek areas represent open field. . 

Refieete<l lijrht. Ma>;niiie<l 22 diameters. 
Bf Chaleo<'ite ore {f>9 CI. A) from Butler vein, Butler and lA>ndon tunnel. 

S(»rii-itizcHi ]>orphyry with pyrite, partly replai't^l by chaletK'ite. 

(;=|rr()undmasi* of |K)rpliyry, chiefly microcrystalline cjuartz with shre<ls of serieite; 
l>=pyrite: C=<'halcocite. 

Keflecte<i light. Magnified 22 diameters. 
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PLATE XV. 

PlIOTOMICKCXJRAPHH OF OkES AND RoCKS. 

Af Malachite on* (254 CI. A) from Detroit mine. 

M = radial malachite, developing hy replacement in i)artly eontact-metamori)ho8e<i Hhale 
(S), consisting of kaolin, epiiiote, amphilx)le, glanconite, Hericite, etc. Micnx'ryatalline 
malachite alr(o develoi»8 among the conHtitnentM of the Hhale. 
Ordinary light. Magnified 25 diameteni. 
Bf Azurite ore (254 CI. A) innn IK»troit mine. 

A=<Tystals of azurite partly twinned, developing hy repla<*ement in tH^^mtact-metamor- 
phoned shale (S), consisting of amphih<)le, sericite, and kaolin (?). 
Onlinary light. Magnified 25 diameters. 
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A thin section of No. I shows that it is to some extent affected bv oxidation, 
which has produced a network of granular ((uartz and limonite or hematite alon^y 
fracture lines. There is also a little residuary calcite included in the massive 
garnet, but so little that it would scarcely show in an ordinary analysis. The 
garnet is yellowish in tninsmitted light and practically isotropic, except in some 
places, where appear hexagonal bands of varying color, indicating d(Kle«ihedral 
crystallization. These bands show distinct but faint birefringence. Allowing for 
the surplus of Fe^Oj and SiOj, indicated by the microscope, the garnet nuist l)e 
a very nearly pure andradite. 

No. II shows almost pure garnet substance under the microscope and cor- 
responds to the formula of — 

18(CaFeMn)O.7(Fe,Al,)O3.20SiO, 
Ca:Fe":Mn = l:.CM»8:.0<)7 
Fe"':Al^l:.04 

While copper stains are found at many places in the garnet rock, and valuable 
cop]>er ores, chiefly chrysocolla, occur in it at the Modoc open cut, unaltered 
sulphides have not been found within this area. They are no doubt present to 
a limited amount, but surface oxidation has changed them entirely to various 
minerals, such as malachite^ willemite, chrysocolla, and copper-jritch ores. 

The total thickness of the Modoc formation at Morenci is 17o feet: the upper 
So feet consist of heavy-bedded pure limestone, underlain by ♦>() feet of brownish 
tine-gniined rocks which to some extent consist of dohmiite. The two lowest 
members are a 15-foot band of sandstone and a 10-foot stmtum of pure limestone. 
It is the uj)per member of pure limestone which is so extensiveh' converted 
into garnet. The lowest limestone meml)er resists met^imorphism strongly, and 
is found little altered in the Detroit mine in the center of the metamorphic area. 
At its northern edge it seems, however, to have succumbed to the altering . 
influences; this is also true in other places, notably in the exj)osures just north 
of the slag dump at the smelter. Sutticient data were not obtained to show 
conclusively how the stmtum of dolomite acts under metamorphosing influences, 
but to judge from the exposures near the smelter and on Modoc Mountain, it also 
changes to garnet. 

In the exposures of the Modoc formation on the slope southwest of the 
smelter similar interesting phenomena are observed. About due south of the 
smelter 11'2 feet of Modoc limestones are exposed, including 10 feet of 
eoralliferous lime, 85 feet of brown dolomite, and 50 feet of the upper Gray 
Cliff limestone, all covered by Cretaceous strata. A short distance westward 
these limestones become suddenly and completely altered, appearing now as a 
cliff of garnet with large masses of magnetite. The eoralliferous lime resists 
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alteration longest, the dolomite next, but l>oth are here converted into ^rnet. 
Whether this garnet differs from the normal andradite was not ascertained. 
The (jrav Cliff limestone is as usual most easily altered and continues thus 
changed for several hundred feet lieyond where alteration ceases in the underly- 
ing dolomite and coralliferous lime. This hand of garnet rock is traceable for 
l^biX) feet into the town of Morenci, where further identification l>ecomes impos- 
sible. F'or at least half of this distance there is little or no alteration visible in 
the underlying shales and limestones of the Moren<i formation. 

Over large arcjts, then, the Modoc formation, and especially its upper and 
thickest member, th(» (jray Cliff limestone, has become almost completely changed 
to lime-iron garnet, with some epidote and magnetite. The limestone is an 
extremel}' pure rock of its kind, containing about 96 per cent of carbonate of 
lime, and it is very clear that in order to effect this change all of the CO, must 
be expelled and large cjuantities of SiO^ and Fe^Os nmst be added. 

In order to trace the precise mode of alteration it would be important to 
know the relation of volume of original and changed rock, but unfortunately 
there seems to l)e no exact way of getting at this problem. Judging from 
thickness and appearance of the altered formations I believe that neither great 
increase nor great reduction of volume has taken place. By the following cal- 
culation we may arrive at an understanding of the quantities involved in this 
transformation. 

In 1 cubic centimeter of CaCO^ are contained 1.52 g. CaO and 1.19 g. CO,, 
making a total of 2.71 g. 

Weight of couMitaenh in 1 cufjif centimetei' of andradite {AnaUjm II). 

GraniH. 
CaO 1 . 08 

SiO, 1.33 

AM), 03 

FeA 1.18 

Fe<) 01 

MgO 01 

H,0 .01 

3.65 

. If the whole of CaO in 1 cm.' CaCOg has been used to convert the rock into 
garnet, then this volume l)ecome« 1.40 cm.' garnet — that is, the volume is increased 
about one-half during the contact metamorphism. This has almost certainly not 
taken place. On the other hand, if there has been no change of volume during 
the alteration, 0.46 g. of CaO has been carried away together with 1.19 g. CO,, 
while 1.33 g. SiO, and 1.18 g. Fe,Oj have been added. In other words, 460 kilos 
CaO and 1.190 kilos CO, have l^een carried away per cubic meter, while 1,380 
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kilos SiOg and 1,180 kilos Fe^Os have been added, the latter amount being a mini- 
mum because of the magnetite so frequently found associated with garnet. These 
are astonishing figures, and give an idea of the vigorous transfer of material 
which took place during the contact metamorphism. 

Morenci shales, — These can be traced approximately around the north side of 
Modoc Mountain by the Longfellow and Montezuma mines and the gap at the 
Arizona Copper Company's hospital down into the town; they are exposed in 
the Detroit and Manganese Blue mines, in the Butler and Hudson crosscuts of 
the Arizona Central mine, and probably also show along the i-ailroad between the 
Detroit Copper Company's store and the Arizona Central mine. They are again 
found in the southern part of Morenci, forming thus a continuous belt through 
the altered area. The alteration seems most intense in the center of the town, 
where the shale is nearest to the porphyry mass. 

In general the shales when altered form gray or dark-green, dense, flinty 
rocks with streaks and seams of epidote and specks of pyrite. Specimens from 
the Montezuma mine are dark gray, somewhat mottled, nonfissile, and are cut 
b}^ small veinlets of epidote and p^^rite. In thin section the rock Is identical 
with that described on page 130, which contains flocculent aggregates of epidote 
and nmch dirty-greenish glauconite(?), from which fibers of amphibole appear to 
develop. The cr\'ptocrystalline mass between these constituents probably consists 
of quartz and kaolin. The shale from the first level of the Detroit mine is a com- 
pact, hard, greenish-graj' rock, imperfectly fissile and containing no calcite. In 
thin section the rock is seen to consist of some granular, flocculent epidote with 
much amphibole in felted aggregates. A clear mass of low double refraction lies 
between the needles, but could not be definitely identified; a few very small 
grains of striated feldspar, probably of metamoiphic origin, were observed. The 
second body of oxidized ores in the Detroit mine is contained in this roc^k. 
Another, a brownish and partly oxidized shale from 20 feet l)elow the Waters 
shaft level, Montezuma mine, now contains abundant prisms and grains of pyrox- 
ene, embedded in a mass of slightly greenish muscovite. The latter is an unusual 
mineral in this contact zone. 

The unaltered shales have, in the first place, a rather unusual chemical com- 
position, shown in analysis on page 130; mineralogically they contain epidote, 
quartz, kaolin, and a large amount of a mineral related to glauconite. Along dikes 
thej' have not suffered great alteration, but within the main contact zone epidote, 
pyrite, and an amphibole develop in them. In how far this is connected with a 
chemical change I have not the data to say definitely; if anything, magnesia and 
lime have been added, but there is no evidence of the great access of iron and 
silica shown by the contact-metamorphosed Modoc formation. No chalcopyrite 
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nor zinf blende were oh^nervefl. If comriKmlj present they coald hardly have 
e.srafK'd notice, for the shales are hard and not ea-^ily affected by oxidation. 

hmrfhllotr 1'nnr,Hfon.rM. —These rr>ck.s occupy the largest area in the i.*ontict 
zone and ^K>rder direetly a^inr«t porphyry. Together with the shales they make 
lip the larger area of the generai altered zf>ne indii'ated on the spei-ial map. 

It has been shown that the I»ngfelIow formation <"oa^ists of about 44» feel 
of limestones and lime .shales, containing dolomitir roirks at intervals, but on the 
whole prevailingly f:aleitie: they contain much more silica, chiefly as chert, than 
df>es the MrKirK: formation. Iron is present in verv' small amount, while they 
may contain up to '> or 4 per cent of alumina. 

The alteration of this formation offers much variety. In some places, even 
near the jK)ry>byrv cr)ntact, small and irregular areas have almost entirely escaped 
inetamorphism: for example, at the southwest comer of the district covered by 
the Hf)ecial map and near the Kverson hoist. In places heavy masses of garnet, 
epidote, and magnetite have formed, but more common is a partial alteration with 
residual calcite, resulting in pyroxene, magnetite, and sulphides. Pyrite, chalco- 
pyrite, and zinc blende fK-cur abundantly wherever oxidation has not changed them. 

II^»avy massfjs of garnet and magnetite occur on both sides of the north dike 
in the f>tst Yankie mine. In the eastern part of the Yavapai and Montezuma 
mines there are large <|uantities of epidote, and the bottom level of the Monte- 
7Axn\i\ (elevation 4,^i8M feet), connecrting that mine with the Kyerson, traverses 
hanl massi's of garnet, [>yrite, and magnetite. Thin sections show these minerals 
in intimat-ir intergrowth, indicating l)eyond doubt simultaneous crystallization; 
they »l»o contain some colorless pyroxene and residual masses of. calcite. Mag- 
netite and pyrite, in various parts of the slide, envelop each other. 

In the Manganese Hlue and Copper Mountain mines occur large masses of 
magnetite, jmrtly oxidized to limonite, and also some garnet. O arse aggregates 
of epidote and magnetite (K*cur at the mouth of the Copper Mountain tunnel. 
In thi* Kyerson mine a development of garnet in the altered limestones is not 
c<Hnmon; in the main adit level, 100 feet south of Kyerson vein, however, hard 
greenish and brownish mottled rocks are met, containing little specks and seams 
of chalcopyrite. Under the microscope a part of the slide consists of granular 
epidote, with some prisms of the same mineral. The remainder is composed of 
irregular masses of granular calcite, containing grains of epidote, rounded crys- 
tals of garnet, and irregular grains of chalcopyrite, intergrown with garnet and 
epidot(!. Throughout the calcite are also found minute foils of dark-red specu- 
laritc. 

In Arizona Central mine a 200-foot-wide mass of garnet with sulphides is 
exposed on the first level in the crosscut between the Arizona O^ntral and 
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Williams veins. It is a very intimately intergrown coarse aggregate of pyrite, 
chalcopyrite, dark-brown zinc blende, and magnetite. Both pyrite and magnetite, 
the most abundant constituents, appear in granular masses, showing a tendency to 
crystallization (PI. X, A), 

On the intermediate level of the same mine, near its west end, close to the 
fault here cutting across the veins, a large mass of magnetite intergrown with 
chalcopyrite of the same age was found and some tons of this were actually 
extracted as ore. This is the onlv instance known here of commercial ore occur- 
ring in unoxidized contact-metamorphic i"ocks. 

On the lx)ttom level of the same mine in the crosscut from the shaft 
extremely hard garqet rocks were encountered. These, which are entirely fresh, 
consist of coarsely granular garnet, epidote, a colorless pyroxene, probably 
diopside, with magnetite, pyrite, and chalcopyrite, intergrown as described. A 
little calcite and microcrystalline quartz are also present (PI. VII, D), A body of 
pure granular magnetite was stoped on this level for fluxing copper ores. It 
was 150 feet long and about 30 feet wnde, wholly embedded in metamorphic 
rocks, and without sharp contacts. 

Exposed along the road from Morenci to Eagle Creek (shown near the lower 
edge of the special map) is an area of coarsely crj^stalline garnet- epidote w^ith 
one or two large masses of magnetite. A prospect containing nmch unaltered 
chalcopyrite is opened in this rock at the roadside. This area runs out irregu- 
larly south of the road and is covered by metamorphosed shale. It probably 
belongs to the Longfellow formation. 

As stated above, a more common form of alteration is one in which there is 
much residual carbonate. These rocks are greenish gra}' or mottled gray and 
green, effervesce freely with cold acids, and commonly contain visible particles of 
magnetite and sulphides. In many of them some dolomite is admixed with the 
calcite. Grains and ragged prisms of a diopside-like pyroxene develop in them, 
more rarely epidote. Anhedrons of magnetite, p^'^rite, zinc blende, and chalco- 
pyrite are irregularly distributed in the carbonates, sometimes in large quantities. 
It is characteristic that these four minerals occur in intimate intergrowth; each 
one may develop any of the others. Such rocks occur in the Ryerson, Yavapai, 
Montezuma, Copper Mountain, and Arizona Central mines. Large masses of them 
probably contain up to 1 per cent of copper, especially in the Yavapai mine, and 
it is easily seen that oxidation of them might well develop payable ore bodies from 
sHch raw material. One of them from the Fairplay road, 1,300 feet N. 76^ W. 
from the Detroit Copper Company's store, is figured in PL XI. It is a partly 
dolomitic rock with interlocking gmins of carlK)nates of lime and magnesia. 
Grains and imperfect crystals of magnetite develop abundantly, in metasomatic 
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manner, in the ealcite and the dolomite. The onlv other constituents are scattered 
foils of chlorite, anhedrons of titanite (?), and aggrej^tes of c»halcopyrite, the 
latter in places intergrown with magnetite. 

On the whole, there is in the Longfellow limestone a distinct belt of intense 
and almost complete alteration to garnet, diopside, epidote, etc. Roughly speak- 
ing, it follows the main contact from the point where the limestones first come 
into contact with the porphyry, in a northeasterly direction through the Arizona 
Central, Mangjinese Blue, Montezuma, and East Yankie mines (north dike Ijong- 
fellow^), to the place where the limestones cease. This belt is only about 600 feet 
wide and mine workings to the southeast of it run into much less altered rock. 
Those parts of the limestone series which project into the poirphyry, or whi(rh are 
entirely surrounded bv it, seem on the whole less altered. 

These rocks of the Longfellow formation have certainly received an access of 
iron, sulphur, copper, and zinc. Whether magnesia and silica have been added is 
more doubtful; in some cases it would seem that this has happened, but as it is 
known that the formation contains a certain amount of lK)th of these substances, 
it is hardly possible to answer that question with much assurance, as vigorous 
transferring of material may have oc»curred l>etween the various beds. 

Considering the wide distribution of sulphides and magnetite throughout this 
contact-metamorphic zone, it is evident that the later processes of oxidation here 
encountered a most fruitful lield for the concentration of copper ores. 

CONTACT ZONE OF SHANNON MOUNTAIN. 

On Shannon Mountain, at Metcalf, an entirely similar set of phenomena are 
encountered. A mass of down-faulted sediments comprising the whole series 
from the Coronado quartzite to the Modoc limestone and occupying an area of 
about 100 acres lies here at the contact of the main stock and is cut by several 
dikes extending from it. A detailed description may be found on page 805. 
The Modoc limestone, which here contains 3 .per cent of silica, lime, and iron^ 
and 9 per cent of magnesic carbonate, is converted to a mass of dark-brown 
garnet and iron ore much oxidized in places, forming the summit of the moun- 
tain. An analysis of this garnet is given on page 134. Small masses of highly 
crystalline crumbling limestone are preserved in some places and give good 
opportunity for studying the transformation into garnet; as usual this takes place 
rather abruptly. PI. VIII, A^ illustrates the development of small crystals of 
garnets and pyroxene in the limestone at the contact. Near the contact small 
masses of garnet rock are inclosed in the coarsely crystalline limestone. Sections^ 
of these show closely massed crj'stals of garnet, between which lies a little residual 
ealcite and a few grains of quartz. While copper stains are abundant in these 
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rocks and the products of oxidization contain much zinc, no unaltered sulphides, 
except a few grains of pyrite, have l)een observed. 

The dolomite member found at Morenci in the lower jmrt of the Modoc 
limestone is not represented here. The Morenci formation is as usual repre- 
sented by shales which contain epidote and oxidized copper ores, especially near 
the dike contacts. In certain parts of the shales seams of pyrite and chalcopyrite 
are very abundant, but these are probably rather produced by hydrothennal than 
b\' contact metamorphism. 

The Longfellow limestone is most altered on the side of the main porphyry 
stock and along the dikes, but is more or less atfected throughout the w^hole area. 
The bluish-gray and rather dense limestones are to some extent dolomitic and 
contain more or less silica. The same irregular alteration noted at Morenci char- 
acterizes it here. Garnet has developed in several places, notably near the red 
ore body, near the top of the Longfellow formation, and along a porphyry dike 
on the northeast side of the limestone area. In the red ore body the rocks are 
very much oxidized, but on its outskirts specimens were found consisting of parti}' 
decomposed garnet with included grains of chalcopyrite. On the same level 
(Boulder tunnel, end of north drift) specimens were collected showing a greenish- 
gray, fine-grained limestone with abundant grains of chalcopjrrite; toward one 
end of the specimen this changes gradually into massive garnet, containing grains of 
chalcopyrite. Seams containing pyrite and chalcopj^rite also cut through the rock. 
Thin sections show that pyroxene, garnet, and epidote alternatelv prevail in dif- 
ferent parts of the same slide. Very intimate intergrowth of chalcopyrite and 
epidote was observed, and the garnet contains a network of chalcop^'rite, probably 
due to replacement of residuary calcite between the garnet grains. In other sec- 
tions the garnet includes grains of chalcopyrite of simultaneous crystallization. 
Veinlets of pyrite and chalcopyrite, associated with epidote, calcite, and a little 
diopside, cut the rock in places and, spreading from them, chalcopyrite has oc^ca 
sionally replaced the garnet. This specimen shows evidence of two periods of min- 
eralization, one Ijeing distinctly connected with the general metamorphism of the 
rock, and the other with later vein action. Entirely unoxidized metamorphic rocks 
are exposed in the Black Hawk No. 3 tunnel, 160 feet below the Boulder tunnel, 
in the lower part of Longfellow formation. The rocks are grayish green and 
tine grained; they consist of calcite, diopside, and tremolite, with scattered grains 
of magnetite, pyrite, and chalcopyrite. Veinlets of coarse calcite, with inter- 
grown grains of pyrite and magnetite, cross the rock and are adjoined by a zone 
of alteration about half the width of the vein, consisting of colorless tremolite 
prisms (PI. X, B), 
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SUMMARY AND DISCUSSION. 

Tho ahovo description has shown that in the liinestonos and shales near the 
contact of the main stock and the dikes of <iuai'tz-nionz()nite-porphyry and 
granite-porphyry the followinj^ minerals have been formed In' pmctically simul- 
taneous re])lacement: (Jarnet, epidote, pyroxene (diopside), amphilx)le (tremolite), 
magnetite, specularite, pyrite, chalcopyrit4>, and zinc hlend(^ This metamorphism 
is directly dependent upon the proximity of the contact and apparently also upon 
the lU'idic charact<»r of the porphyry, the diorite-jx)rphyry exerting little influ- 
ence, while the granite-porphyry and the monzonite-porphyry produce an intense 
alteration. It is not — except to a minor degree as qualified Inflow under the 
heading of hydrothermal metamorphism— due to waters circulating on fissures 
and nuist be ascril^ied to the direct influence of some substance contained in the 
molten magma of porphyry. The altered rocks have beyond all doubt generally 
received a great access of iron, sulphur, copper, and zinc, and in the case of 
pure limestones, which over large areas have become converted into almost pure 
garnet rocks, have received immense amounts of ferric oxide and silica. 

While the main conta<*t zone is clearly dependent upon the proximity of the 
princiiml stock of porphj^ry, it seems that some of the dikes near that contact 
have exerted a specially strong influence. In the limestones — even in those of 
greatest purity — massive epidote is apt to develop along the immediate contact 
of the dikes, thus implying a limited transfer of alumina. A few feet away the 
garnet Iwgins, and of course, as a lime-iron silicate, contains * a very small 
proportion of alumina (see analyses on p. 134), probably almost exactly the amount 
originally contained in the limestone. 

The contacts with the porphyry are sharp and show no indication of 
assimilation. The contact-metaraorphic rocks are always — when unaffected b}' 
oxidation — hard and compact: oxidizing waters find it much more difficult to 
attack them than the porous porphyry. Considering that great amounts of 
car))on dioxide — up to 40 per cent— have certainly l)een expelled during the 
metamoq)hism, a great shrinkage of volume should have taken place which could 
hardly fail to be noticed in the structure and thickness of the metamorphosed 
strata. I believe that in general this loss has been fully counterbalanced by 
additions of substance from the magmatic waters. 

Comparing these contact phenomena with those of other loc^alities described 
in the literature a great many points of similarity appear at once. Characteristic, 
among other things, is the slow change of the shales and the sudden metamor- 
phism of the limestones, especialh' the pure limestones, which, if metamorphosed 
at all, attain their full metamorphic development almost at once. 
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Most of the described contact zones refer to granites or diorites; no changes 
along the contacts of porphyries comparable to the Morenci and Metcalf zones 
have ever been examined, so far as I am aware. 

Vesuvianite and wollastonite, common in many contact zones, have not been 
identified with certaintv in this district. The alteration of the shales is also 
peculiar. Instead of the ordinary knotty schist and hornfels, with a great 
development of biotite, andalusite, staurolite, and feldspars, there is found at 
Morenci a greenish hornfels, with much amphibole (tremolite), epidote, pyrite, 
and magnetite. The Morenci shales are somewhat unusual in composition, with 
high lime, magnesia, and iron. Amphibolitic hornfels is, however, not unknown, 
and has been described b}- Professor BrOgger from the Christiania field. 

The question whether contact-metamorphic rocks simply represent a recrys- 
tallization, or whether they have received additional substance from the cooling 
magma, is a most important one. Professor Rosenbusch believes that little or no 
additional substance has been received, and considers that it is possible to deter- 
mine the original character of metamorphic rocks from their present composition.*" 

Professor Zirkel* says that in nearly all cases the contact-metamorphic rocks 
simply represent a recrystallization of original constituents. He believes that the 
contact metamorphism took pla<*e by reason of the pressure and heat exerted 
by the molten rock, and speaks rather slightingly of the view that substance 
from the magma can be transferred to the surrounding stmta, although admit- 
ting that in one or two cases it seems to have happened. Professor Brdgger, 
to whom we owe a most careful description of the Christiania contact zone, states 
that the alteration at that place seems to involve chiefly a I'ecrystallization, 
although certain of the phenomena strongly suggest local accession of material, 
though perhaps rather from adjacent strata than from the intrusive body. 

The idea of determining the original composition of metamorphic rocks is 
followed out by Dr. J. Barrell in his study of certain contact-metamoiphic rocks 
of Montana. In his paper ^ he advances the generalization that "carbonic acid 
is expelled only where the siliceous impurities of the limestone are suflScient to 
combine with the lime set free." Based on this he obtains the further result 
that a great loss of volume has taken place, and that it is possible to calculate 
original constituents, kaolin, silica, magnesite, and calcite from any given rock 
more or less altered to wollastonite, garnet, epidote, etc. If these statements are 



a " Man kann cs alao ala ein Oesetz auwprecben dasB bci der Kontaktmetamorpho(«e nm Tiefengesteine dm Eruptiyge* 
Btein nur phyidkalisch und im allgemeinen nieht durch Stoffabgabe chemiscb wirkte." Micr. Physiogr.. 3d ed., p. 85. 
bLehrbucb der Petrographie/2d ed., vol. 1, pp. 687-688. 
cAm. Jour. Sci., vol. IS, Aprfl, 1902. 

16859— No. 4a— 05 11 
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really meant as generalizations, as would appear from the paper, they are not 
supported by convincing proofs. Magmatie additions are mentioned, but receive 
scant treatment." 

This seems a rather crushing array of testimony from the petrographic side, 
and it has even been intimated by Professor Klookmann,* in a recent paper com- 
bating the theory of transfer of material from magmas to sediments, that it ought 
to be sufficient to settle the question. While I do not doubt in the least the 
correctness of the conclusions drawn in individual cases bv such eminent authors 
as Professors Rosenbusch and Zirkel, it is certain that contact metamorphism 
manifests itself in many various wa>"s, and that the particular phases connected 
with mineral deposits have been rather conspicuously neglected by many petro- 
graphers, whose data and statements in regard to the occurrence of ores, even in 
ordinary rocks, has always seemed to me to suffer somewhat from lack of detail 
and precision. 

On the other hand many French authors, among these Professor Michel Ldvy, 
and lately Prof. J. H. L. Vogt,^ of Christiania, together with a growing number of 
younger scientific men, have strongly contended that many substances are given 
off by the cooling magma and enter the adjoining strata. This view is shared by 
myself and expressed in a recent paper on conta<»t-metamorphism deposits. ** 

The truth seems to be that in many cases no perceptible accession of substance 
from the magma has taken place, while perhaps in as many more important addi- 
tions have been received. How far the heat and the gases from the intruded 
magma will penetrate and what effects they will produce depends on many factors. 
As shown above, the composition of the magma is sometimes a factor of impor- 
tance. In the case of the Morenci contact zone the amount of substance available 
seems to stand in direct relation to the amount of quartz in the porphyry. In 
many intrusive bodies there may be a very small quantity of water gas present; 
the access of material maj^ then be slight, and the contact phenomena mostly due 
to the heat of the rock. The difference in susceptibility of the various beds is 
also strongly marked; all investigators agree on this point. In this district impure 
and very compact limestones resist alteration much more than coarse-grained pure 
rocks of the same kind, and, as shown above, the change in composition in the 
case of clay shales is extremely slight. 



a Weed, W. H., Geology and ore depodtii of Elkhom mining district, Montana: Twenty-second Ann. Kept. U. 8. 
Geol. Survey, pt, 2, 1901. 

6Zeit8chr. prakt. Geol., vol. 12, 1904, p. 78. 

e See, for instance, The genesis of ore deposits: Trans. Am. Inst. Min. £ng., 1902, p. 648. 

dOp. cit., p. 716. 
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Study of the Morenci contact zone as a whole proves conclusively that most 
important accessions of substance have been received. The rocks inside of the 
altered zone contain an enormous amount of sulphur, iron, copper, and zinc. 
Iron is of course contained in the unaltered rocks to some extent, but in nothing 
like the quantities accumulated in the contact zone; sulphur, copper, and zinc in 
noticeable amounts are absent from the unaltered rocks. Were they present to 
the amount of a small fraction of the percentage contained in the contact zone, 
direct observation and surface oxidation would easily expose their presence. The 
minerals in which these substances are contained were certainly formed contem- 
poraneoush' with the ordinary contact minerals. 

The metasomatic development of magnetite in pure limestones may be 
observed in almost countless localities at Morenci and Metcalf. We know that 
iron was not contained to this amount in the original rock, but to demonstrate 
its actual derivation is of course diflScult. The question becomes clear only 
when we compare the contact zone as a whole with the original unaltered rocks. 

It seems very strange that anj^one can doubt the possibility of such additions^ 
and overlook what must happen when a magma in aqueous fusion is suddenly 
brought up to higher levels and strongly ionized water gas, above the critical 
temperature, is largely released from its bonds. It must of necessity contain 
dissolved substances. Even at comparatively low temperatures water is one of 
the most powerful solvents known, and its action, when a perfect gas, is probably 
far in excess of that at 100^ or 200^. It is well known that some rapidly congealed 
rocks like the ^'pitchstone'' from Saxon>' contains up to 8 per cent water, indicating 
an amount of water gas which, at +4^, would correspond to 250 or 300 liters per 
cubic meter of magma. All magmas may of course not have contained this amount. 
The water gas seems to have penetrated the limestones like a sponge, inducing 
extreme molecular mobility. Even if we den\^ any additions of substance a most 
remarkable tmnsf erring of substance has taken place in the rock, as shown, for 
instance, by large crystals of garnet in limestones of uniform composition and 
containing far less iron and silica than the amounts required by the newly formed 
mineral." In a chapter on inclusions cogent proof will be brought that the 
magma actually was accompanied by water containing dissolved a large amount 
of substances. 

A misapprehension of the character of contact deposits seems to exist in many 
quarters, as shown, for instance, by Professor Klockmann,* in considering the 

a£. Weinschenk, Vergleichende Studicn ueber den Kontaktmetamorphismue: Zeitachr. Deutech. geol. Oesell., toL 
54, 1902, p. 443. 

^Zeitschr. prakt. Geol., vol. 12, p. 75. 
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preseiK^e of minerals containing boron, fluorine, etc., as necessary to prove the 
contact-nietiimorphic character of these deposits. To such argun)ents I would 
repl}' that the character of inagniatic waters evidentl}^ varies greatly in diflferent 
magmas. Some ma}' carry large amounts of the substances mentioned, as sliown 
by the presence of tourmaline, cassiterite, and other minerals in the contact- 
metamorphic ro(»ks, while others ma}' be almost wholly deficient in these and 
carry instead sulphur, copper, iron, and other metals. An}' attempt to reduce 
the wonderful variety in the contact-metamorphic deposits to a single pattern is 
doomed to failure. 

In a short paper dealing with contact-metamorphic deposits in North Amer- 
ica'' I emphasized the ii-regular form of most ore deposits of this kind and stated 
that they only occur close to the contact or at most a hundred feet away. In 
view of better acquaintance with this type this statement should be modified; as 
far as we know at present they may occur several hundred or even 2,000 feet 
away from the contact. In fact, disseminated sulphides- and magnetite occur at 
Morenci up to 2,000 feet from the main contact. 

A tabular form of dejwsits is oft<»n noted: this is usually due to the strongly 
marked difference in susceptibility of the various l>eds. Wherever the deposits 
have l>een enriched by oxidation the form may l>e more or less dependent upon 
those changes. 

Mr. W. n. Weed has noted this tabular shape in contact deposits at Cananea. 
Mexico, and makes the form a basis of classification.* I do not believe, however, 
that distance from contact (within limits given above) or shape are at all essen- 
tial, and can find no mineralogical diflferences between deposits varying in these 
respects. 

HYDIiOTHERMAI^ METAMORPHI8M. 

GENERAL STATEMENTS. 

Both the porphyry and the contact zone at Morenci and Metcalf are traversed 
by quartzose fissure veins containing cupriferous pyrite and zinc blende. Over 
an extensive area between Morenci and Metcalf, and especially at Metcalf, the 
porphyry and the granite are shattered and recemented by quartz veinlets. These 
phenomena must of necessity have taken place after the consolidation of the por- 
phyry. Their study and relation to contact metamorphism, which doubtless chiefly 
took place before and during the consolidation of the magma, thus becomes of 
the greatest importance. The porphyry adjacent to these lodes and occupying 



aTrann. Am. Inat. Miii. Kng., vol. 31, 1901, p. 226. 

fr Weed, W. H., Ore dep(Miit8 near igneous c<mtact8: TranR. Am. Inst. Mln. Eng., vol. 32, 1903, pp. 71&-746. 
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the shattered zones which accompany them, alters to a sericite-qnartz-pyrite rock, 
while in the limestone the phenomena are more complex. The veins are here 
often surrounded by narrow zones of tremolite. 

ALTERATION OF THE PORPHYRY. 

Altered areas, — A series of lodes with northeast trend cut through the por- 
phyry at Morenci, extending from the saddle west of Copper Mountain to the 
Detroit concentrator. Other parallel veins follow the Arizona Central dike. The 
whole of Copper Mountain and the dike mentioned are altered, though in a few 
places unaltered porphyry may locall}" appear in some of the crosscuts in the 
mines. The great porphyry ridge west of Copper Mountain is chiefly composed 
of unaltered porphyry, and fresh porphyry is correspondingly exposed in the 
western part of the Lone Star and the central part of the Butler tunnel (see PI. 
XVIII). Many of the dikes have been followed by fracture zones and have 
become more or less thoroughly altered. Among these are the Joy dike, the 
West Yankie dike at the Detroit concentrator, and many others near the Monte- 
zuma mine. Others remain practically unaffected; among them are several 
smaller dikes in the Arizona Central mine, one or two in the R^-erson and the 
Montezuma mines, and several among those cutting Modoc Mountain and the 
Longfellow mine. Toward the north end of Butler tunnel, near the Carasco 
mine, the alteration again increases and extends more or less continuously b}^ the 
Fairbanks and Copper Queen mines to Metcalf. 

At Metcalf a large area extending from the Standard and King mines up 
to and including Shannon Mountain with the Metcalf mines is occupied by 
porphyry filled by irregular quartz seams and completely sericitized. This altered 
zone also extends over a pail of the hills west of the town. Practicall}' all of 
the dikes on Shannon Mountain are similarly altered. 

It is plain from this statement that this rock alteration is not confined to 
the immediate vicinity of lodes, veins, and veinlets, but spreads over larger areas 
corresponding to the general outline of the shattered zone. The same altered 
rocks are found on all levels in the mines within this zone. 

The porphyry seems to possess a certain porosity and looseness of grain, 
making it easily permeable to solutions. This quality also finds expression in 
the rounded outcrops and sandy soils of the unaltered areas. 

Chara<;ter of ult^ration, — The sericitized rock becomes bleached, dull white, 
and chalky; the feldspar prisms lose their luster; albite and oligoclase, as well as 
orthoclase, become filled with sericite foils, at first oriented parallel to the 
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cleavage, and later completely pseudomorphed by a sericite felt mixed with occa- 
sional quartz grains. No epidotc nor chlorite develop in the feldspars. The 
quartz phonocrysts remain unaltered. The biotite first becomes conv^erted to 
chlorite and sericite, and is sometimes also pseudomorphed to the latter mineral. 
In wholly altered rocks the chlorite is transformed to irregularlj^ spreading ser- 
pentine, often difficult of detection. A little epidote is occasionally present. 
Kaolin and chalcedonic quartz are found in places, but are connected with a later 
process of chalcocitization. 

In the groundmass of the porphyry the feldspars are transformed into an 
aggregate of sericite, the quartz grains remaining unaltered. Finally pyrite 
forms more or less abundantly, usually' in cubes or pentagonal dodecahedrons, 
sometimes also in octahedrons, and develops by replacement in the groundmass. 
as well as in the feldspars, more rarely in the quartz grains; chalcopyrite, zinc 
blende, and mol3^bdenite are rarely observed. The original magnetite in the por- 
phyry is evidently transformed into pyrite. The titanium in the ilmenite or in 
the magnetite assumes the form of small dark-brown prisms of rutile. 

Very commonly seams of allotriomorphic granular or parti}' idiomorphic 
quartz traverse the rocks. In certain parts chalcocite is ver\' abundant, in inti- 
mate intergrowth with pyrite; but this is a later development and will be described 
under processes due to oxidation. 

The process just described is thoroughh' characteristic for the whole area 
mentioned above. Even in the most-altered rocks the original structure is often 
plainly visible (PI. XIII, A). 

A series of analj^ses were made of these altered porphyries of Copper Moun- 
tain at Morenci. 

No. I is a comparatively^ fresh poi*phyry from the first level of the Ryerson 
mine, and, it is believed, represents the typical original rock of that altered zone. 
Description of this ma}' be found on page 81. 

No. II was taken adjoining a 2-inch pyrite vein in the foot wall of the Humboldt 
vein at the southwestern end of the drift, near the line between Morenci and Eagle 
claims. It is a soft, white, chalk}^ rock with scattered pyrite; on a few seams a 
little chalcocite appears. This locality is 000 feet below the surface and somewhat 
below the chalcocite zone, properly speaking; some oxidation and chalcocitization 
of the vein is, however, present. The rock is principally a felted mass of sericite 
with some granular quartz, and is cut by veinlets of kaolin. Pyrite is developed 
throughout in grains and crystals; none appear, however, in the kaolin veinlets. 
A little zinc blende, chalcopyrite, and molj^bdenite occur as irregular grains and 
aggregates; also a few prisms of rutile and isolated zircons. 
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No. Ill was taken from the intermediate level of the Ryerson mine, 550 feet 
west of West Yankie shaft, about 300 feet below the surface. It is a hard, white, 
quartzitic porph^u-y with scattered small pyrite crystals. The original structure is 
almost lOvSt, but under the microscope the outlines of feldspar crystals are still 
visible. The rock consists chiefly of a very fine sericite felt with granular quartz; 
the latter also occurs as veinlets with pyrite. Chalcocite does not occur abundantly 
in these hard and siliceous altered rocks. 

No. IV is from one of the big stopes of Humboldt lode, Ryerson mine, above 
the lower adit level, and about 450 feet below the surface. It is a soft, white, 
chalk}^ rock, with gritty feel, from the many included quartz grains, cut by many 
small seams of pyrite and chalcopyrite. In thin section the porphyry structure 
is retained, as well as the contours of the feldspars. They are, however, entirely 
converted into sericite felt; the groundmass consists of granular quartz, well 
filled with sericite foils. Remnants of biotite crystals are transformed to sericite 
and serpentine. Pyrite occurs in crystals and anhedrons, lai'gel}' in the altered 
feldspars, but also occurs with small masses of granular quartz. One zircon and 
some doubtful rutile crystals were noted. 

No. V was collected from the surface of the northeast spur of Copper Mountain, 
500 feet southwest of West Yankie shaft, where it formed brownish-gra}^ hard 
outcrops. It is of dull-white color, the porphyry structure still visible. A thin 
section shows it to be an entirely sericitized rock with pseudomorphs of feldspars 
and biotite. The groundmass consists mainly of fine-grained quartz, with sericite 
foils. No pyrite is present. 
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From the data of analyses and sei'tions the roc*k« were calculated as follows; 
the computations were kindly undertaken by Mr. L. C. Graton: 

AnnhjM'n of fresh and altered jtorphyry from the niinf* at Morenri. 

[W. F. HillebrHml, AiialvM.] 
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n These vRlues are quite uncert«ln. , ''Approximate. 

I. Frei*h inonzonite- porphyry. Ryerson mine, first level. 



<*A8 FejOs. 



.06 



100.26 



II. Altered monzonite-porphyry. Ryerson mine, first level; drift on Humboldt vein at end 
of small crosscut in foot wall 40 feet east of Humboldt claim line. 

III. Altered (silicified) porphyry. Ryerson mine, intennediate level, 550 feet west of West 
Yankie shaft. 

IV'. Altered porphyry within chalc(x;ite zone. Ryerson mine, lower adit level, Humboldt 
vein, from stopes 70 feet wide, 80 feet above level. 

V. Altered porphyry. From slope of Copper Mountain, 500 feet southwest of West Yankie 
shaft. 
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Mineral contents of fresh and altered guartz-monzonite-porphi/ries. 



Quartz 

Orthoclase (mol. ) 

Albite (mol.) 

Anorthite (mol. ) 

Apatite 

Zircon ^ 

Magnetite .». 

llmenite./ 

Rutile 

Sericite 

Kaolin 

Chlorite 

Serpentine 

Epidote 

Alunite 

Water (below 100° C.) 

FeS, 
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ZnS 

MoS, 



II. 
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III. 
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.26(?) .21(?) 
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100. 02 100. 47 



99.86 



99.86 



100.22 



a Amesite, Mf?0;FeO=6:l. 

ft 0.39 percent MgO, 0.19 percent HjO residue, with 0.40 per cent SiOj— too high in HjO for serpentine. 

c 0.84 per cent MgO. 0.29 per cent FeO. 0.53 per cent HjO residue, with 1.1ft per cent Si(X— too high in HjO for serpentine. 

rf0.e2 per cent MgO, 0.39 per cent HjO residue, with 0.70 per cent SiO^ corresponds fairly well to Deweylite. 

«1.11 per cent MgO, 0.49 per cent HjO residue, with 1.12 SiOj— too high in HjO for serpentine. 

/0.89 per cent MgO, 0.95 per cent HjO residue with 0.87 per cent SiOj— too high in HjO for serpentine. 

9AlsOs:Fes03=4:l. 

The principal results effected by the alteration will be readily seen from 
these two tables. The altered rocks consist chiefly of sericite, p^^rite, and quartz, 
with a little serpentine. Kaolin occurs only in No. II, which is the only speci- 
men taken immediately adjacent to an important seam or vein; calcite is entirely 
absent from all of the specimens. The silica has not been materially changed, 
except in No. II, where it is lowered corresponding to the high percentage of 
kaolin. Alumina seems generally constant, but has been increa.sed in No. II; 
this increase is, however, probably only apparent and due to conversion of sericite 
to kaolin, with attendant setting free of some chalcedonic or opaline silica. TiO,. 
ZrO,, and PjOg remain constant. MgO has likewise suffered no change. On the 
other hand, practically all CaO and Na^O has been carried away and a substantial 
addition of FeS, and KjO has been made. As a nearly constant proportion was 
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found l>etween the various constituents of tlie sericite in Analyses II-V, the 
average composition could l>e calcuhited as follows: 

Average ajialyi*is of sericite from Morenci mines. 



Per cent. 



Molecular 
proportions. 



SiO, i 
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FeA 

FeO 
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Na,0 1 
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4*5. 70 
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11.55 


1.00 
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.05 


5.00 


2. 35 



100.00 



Molecular weiprht, 847. 

The whole course of the alteration indicates waters distinctly deficient in 
alkaline carlxjnates, but probably rich in iron and silica; this conclusion is impor- 
tant, as it tends to connect the alteration genetically with the porphyry. (See 
under Genesis, p. 220.) These veins are, according to the character of alteration, 
related to those of Freiberg, Saxony, and Silver City and De Lamar, Idaho. 
They are very different from the normal gold-quartz veins of (^lalifomia, which 
were formed by waters very rich in alkaline carbonates and probably also in lime. 

ALTERATION IN GRANITE AND QUARTZITE. 

The granite, which is ver}- generally somewhat altered for a considerable 
width all along the eastern contact of the porphyry" stock, is best exposed in 
Chase Creek Canyon between Longfellow incline and Metcalf. The alteration 
chiefly consists in sericitization of the orthoclase and the introduction of veinlets 
of quartz with p3'rite. This altered area, which contains many prospects, but no 
important mines, finds a superficial expression in red fantastically weathered out- 
crops due to oxidation of pyrite. Similar alteration is noted to a smaller extent 
along the numerous fissure veins following porphyr}' dikes, which are so com- 
mon on Copper King Mountain. At the foot of the Longfellow incline the 
quartzite is mineralized,' containing several per cent of pyrite and about half a 
per cent of copper. Cubes of pyrite develop lx)th in the cement and in the 
quartz grains. The cementing material is already largely converted into sericite, 
so there is scant room for further change in this direction. At the East Yankie 
mine, near Morenci, this cupriferous pyritic quartzite has been further enriched 
by the introduction of chalcocite, rendering it a valuable concentrating ore. 
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All of these changes, excepting the last-mentioned one, are probably due to 
the same waters which so radically altered the porphyry of Morenci and Metcalf. 

ALTERATION OF LIMESTONE AND SHALE. 

It is not to be supposed that this widespread hydrothermal alteration which 
affected porphyry, granite, and quartzite would be without effect on the limestone 
ai;Ki shale, which, more or less contact-metamorphosed, adjoin the altered area 
of porphj'ry, and which also are traversed by fissure veins. Aside from the 
larger lodes at Morenci, such as the Joy, Montezuma, Arizona, Central, and 
Williams, the sedimentary rocks contain in places an abundance of seams con- 
taining, besides quartz and a little calcite, amounts of pyrite, magnetite, chalco- 
pyrite, and zinc blende. At Mek^alf exactly the same conditions prevail, some of 
the seams containing in ^addition a little epidote. Wherever these veins and 
seams cut through shale no marked alteration can be observed along them, 
whether the shale be moderately or wholly changed b^- contact-metamorphic 
processes. 

But in limestone a different condition of affairs prevails. For a certain dis- 
tance from the vein, ordinarily not more than a few inches or a few feet, the 
limestone is bleached and heavily impregnated with pyrite. A typical exan^ple is 
shown on PI. X, B, representing a dolomitic limestone from the Black Hawk 
No. 8 tunnel of the Shannon mine. The rock is grayish green and partly altered, 
containing besides much fine-grained calcite aggregates of colorless pyroxene ahd 
amphibole. This is cut by veinlets of coarse calcite, containing intergrown 
anhedrons of pyrite and magnetite, with a little chalcopyrite. Adjoining these 
veinlets and extending about half of their width are altered bands in which the 
limestone has been completely converted to prisms of colorless amphibole, proba- 
bly tremolite. One or two of the same prisms are also contained in the veinlet 
itself, which apparently is produced by filling. Thus the metasomatic change 
exerted by the waters flowing through this fissure consists in the conversion of 
dolomitic limestone to tremolite. 

At Morenci man}' similar instances were observed and proved. On the fourth 
level of the Joy mine the vein consists of a well-defined steep hanging wall, 
adjoined by a sheeted and bleached zone, some 10 feet wide, heavily impregnated 
with pyrite. A crosscut runs out in the foot wall for 100 feet to the deep Joy 
shaft (fig. 11). The first part of this, next the vein, consists of partly altered 
lime shale; then follows about 25 feet of hard, solid epidote rock, which again 
is adjoined by the same greenish limestone; finally at the shaft another mass of 
solid epidote makes its appearance along the wall of the Joy porphyiy dike. 
The contacts of limestone and epidote are remarkably sharp. The limestone 
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alx)iit 25 feet from the shaft contains several smaller veins of solid pyrite, each 
a few inches wide and surrounded by a distinct zone of bleached and p\^ritic 
rock rapidly fading out into the ordinary greenish limestone. There is some 
slight oxidation, but not enough to materially influence the results. Specimens 
were collected of these typical occurrences and analyzed, as shown below: 

Analyses showing aUeration of limestone adjoining pyrite rtins. 

[\V. F. Ilillebrand, analyst] 



I. II. 

(263 CI. A.) (264 CI. A.) 



I. II. 

(263 Cl. A.) ; (264 Cl. A.) 



SiO, . 
A1,0, 

Fe,()3 
FeO . 

CaO . 
Na^O 
K,0 . 
H,0- 
H,04- 

TiO,. 
ZrO,. 
CO,.. 



:} 



17.08 
2.34 

«.76 

12. 38 

32.48 

.09 : 

.10 

.95 

3.01 

.27 

.02 

26. 85 



42. 03 

3,16 

1.18 

.84 

20.25 

10.41 

.06 

.12 

1.07 

4.25 

.31 

Trace. 

3.58 



PA--- 
SO, ... 
MnO . . 
BaO... 
SrO... 
Li/)... 
FeSj... 
CiiFeSj 
CuO... 
ZnO... 



0.16 

.13 

.26 

None? 

None. 

Trace. 

ftl.50 

ft. 18 



.99 



0.42 
.75 
.18 

None. 

None. 
Trace. 

'•S.IO 

a. 67 
.83 
.58 



99.55 



99.79 



« As F5O3. 



ft Total S, 0.90 per cent. 



''Total S, 6.20 per cent. 



I. Magnesian limestone. Joy mine, in crosscut to shaft on fourth level. No. 263, Clifton 
collection. 

II. Alteration product of No. 263. Rock in contact with pyritic vein. Joy mine, fourth level, 
adjoining small pyrite vein in crosscut to shaft. No. 264, Clifton collection. 

No. I represents apparently unaltered rock 10 inches from the 2-inch pyrite 
vein in the crosscut from the Joy vein to the Joy shaft, at the 4r-foot level. It 
is a light-brownish -gray, dull, limestone-like rock traversed by several faint, par- 
allel, wavy streaks of greenish material along which small grains of pyrite, zinc 
blende, and magnetite are visible. Under the microscope it shows a prevailing 
mass of fine-grained calcite, but contains, pervading the aggregate and appearing 
in irregular spots between the grains, a colorless substance of weak refraction 
and birefringence. In places it is almost isotropic, while more commonly wavy 
dark or light-gray colors appear between crossed nicols, indicating an extremely 
fine felted structure. The general appearance is that of serpentine, and there can 
be little doubt that this substance replaces another mineral which had formed 
between the calcite grains. A few grains of magnetite and pyrite were noted. 

From the analysis it is apparent that there is more of this magnesian silicate 
than would l)e supposed at first glance, and that it is in part probably composed 
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of chlorite. This is very possible, since in very fine aggregates chlorite and ser- 
pentine are sometimes difficult to distinguish. 

No. II was taken from the narrow, distinctly visible, altered zone imme- 
diately adjoining a small vein of solid pyrite in limestone, and only 8 inches 
fi*om the slightly altered limestone represented by No. 263. The rock is greenish 
gray, rather fine grained, and fairly soft; it contains large pyrite grains and a 
few small particles of magnetite, chalcopyrite, and zinc blende. Under the 
microscope it is shown to consist of irregularly- oriented prisms of colorless 
ampTiibole, between which lie a few calcite grains. Aggregates of low double 
refraction, probably bastite and chlorite, separate the prisms of amphibole. In 
places larger masses of calcite show clearly the structure of limestone, the 
grains pierced 'by needles of amphibole. There are partly idiomorphic, fairly 
large pyrite crystals and small aggregates of chalcopyrite, the latter intergrown 
with magnetite or surrounded b}^ it. The sulphides are contained both in the 
amphibole and the calcite. 

The analyses may be calculated as follows: 

Mineralogiccd compomtion of analyzed rock*. 



II. 



6.50 



Calcite ' 52.40 

I 

Magnetite 7. 21 

Quartz 5.10 

Tremolite (CaSiO, -4- 3Mg SiOj) . 

Wollastonite ? 

Chlorite (5MgO, Al^O,, SSiO,, 

4H,0) 12.58 

Serpentine '. 10.38 

Magnetite .60 

Pyrite 1.50 

Chalcopyrite .18 

Zinc blende 1 . 50 



8.20 

9.60 
42.60 

22.43 

1.72 
8.10 
1.67 



NajO- K,0 .... 

TiO, 

ZrO^ 

H,0 combined . . 
H,0 hygroscopic 

PA 

so, 

MnO 

CuO 

ZnO 



I. 


II. 


0.19 


0.18 


.27 


.31 


.02 





.95 
.16 
.13 
.26 



1.44 
1.07 
.42 
.75 
.18 
.83 
.58 



99. 95 100. 08 



There is a small excess of lime in No. 1 which has been calculated as wollas- 
tonite, although this mineral was not observed in the slide; neither was epidote 
noted in the section. There is also an excess of SiO, not observed in the roc*.k 
and probably present in cry ptocry stall ine form. A deficiency of 0.5 per cent 
sulphur indicates partial oxidation; some of this sulphur is present as SOj. 

In No. II the CaO necessary for CO, was first subtracted. On the basis of 
the remaining CaO the tremolite was calculated and the remaining MgO used 
for chlorite. In this slightly more Al^O, than the 3.16 per cent given in the 
analysis was used; hence the excess in sununation over the analysis. Oxidation 
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has set in, as clearl}' indicated by SO3; both phosphates and hydrous sulphates 
are probably present. 

A comparison between the two anah\ses shows that the altered rock adjoining 
the vein has received a substantial addition of silica and magnesia, together with 
sulphides of iron and copper; also that it has suffered a considerable loss of lime. 
It seems entirely improbable that the proportion of CaO to MgO of the limestone 
could have changed greatl}' within the interval of 8 inches which separated the 
specimens. Consistent with the great mineralogical change a very great loss of 
CO2 is noted. An increase of combined water is indicated, but this is accounted 
for by the presence of a certain amount of oxidized salt« of iron and copper. 

Alkalies are present in both specimens in very small amounts, and the absence 
of any concentration of KjO in No, 264 is in contrast to the great accumulation of 
this substance in the altered porphyries. The percentage of titanium remains 
practically constant, as is usual in altered wall rocks. 

The ro<'k No. I is already somewhat metamorphosed and hydrated, as shown by 
the large amount of chlorite contained. Probably this chlorite is formed from 
tremolite, and this, as well as the magnetite and sulphides, ma^^ be due to the 
same vein-forming influences which have caused such a profound change in No. II. 
At an}' rate, it is certain that the metasomatic change along this vein consists in 
the abundant development of tremolite from a somewhat magnesian limestone. 
It ma}' be of interest to follow the chemical changes involved in this, taking for 
greater simplicity a hypothetical case of a dolomitic limestone composed of 75 
per cent CaCOj and 25 per cent MgCO,. 

For the calculation we may first tentatively assume constant magnesia — that 
is, assume that the unit weight of limestone has not received any addition or loss 
of this oxide. Supposing an original limestone of the composition shown under 
A, which alters to a tremolite of the composition B, we need, to obtain tremolite 
from the unit weight of this limestone, the quantities shown under C. 

Changes mvolvexi in transformation of dolomitic limestone to tremolite. 



SiO,. 
CaO. 
Mg() 
CO,. 



A. 


B. 


C. 




5S 
13 
29 


24.0 

5.4 

12.0 


42 
12 
46 






100 


100 


41.4 

1 



This involves, a gain of 24 parts SiOj and a loss of 36.6 parts CaO, as well 
as of 46 parts CO,; or, in other words, a total loss of 58.6 parts, or over 50 per 
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cent. The loss in volume is even greater. If additions of magnetite and 
sulphides have taken place the losses will be somewhat smaller, and an original 
per cent of silica will also reduce the last figure to some extent. Such a loss of 
volume seems, however, improbable, and we are driven to the assumption of an 
access of MgO. Should this access amount to 17 parts MgO the gains of SiO, and 
MgO would exactly balance the loss of CO^ and CaO and there would be onl}^ a 
slight reduction of volume. 

In the Montezuma mine, along the great pyritic lode, similar alteration has 
taken place. Specimens of fresh and altered limestone at a smaller vein in the 
foot wall of the large one showed similar relations to those described from the 
Joy mine. These smaller veins were selected for tests because it was possible to 
obtain fresh and altered rocks closely together. The original rock is a tine- 
grained dark-gray limestone containing small grains of magnetite, pyrite, chalco- 
pyrite, and zinc blende, while the altered rock looks dull, earthy, and greenish 
gray. It contains aggregates of ragged and imperfectly developed pyroxene 
(diopside) with some magnetite. Between the pyroxene grains lies fibrous serpen- 
tine or chlorite. If the mineral is diopside it would of course have a com 
position similar to tremolite. In places, however, the alteration of limestone and 
lime shale takes a different course and results in sericite. The big pyrite stopes 
of the Joy mine, sometimes 30 or 40 feet wide, are adjoined by a whitish, soft 
rock which surely is an altered sediment, although the rock from which it was 
derived can not be positively identified. The altered product consists of felted 
sericite, with small, scattered, and in part intergrown aggregates of pyrite, 
magnetite, and zinc blende. 

More definite results were obtained from the examination of the pyrite vein 
on the first level of the Montezuma, some 30 feet below the rich chalcocite zone 
encountered on the water-shaft level. The massive pyrite vein is here very 
distinct, 2 to 4 feet wide, with a well-defined foot wall. A couple of feet away, 
in the foot wall, the rock is a dense gray limestone, with veinlets and specks of 
magnetite, pyrite, and zinc blende. The latter are associated with fine fibrous 
aggregates of serpentine or chlorite. The rock effervesces freely with cold acids, 
and contains only a small amount of silica, alumina, and other impurities. Near 
the vein the rock (372 CI. A) changes to greenish-gray color, and proves to 
consist chiefly of sericite of greenish color, grains of the above sulphides (pyrite 
being frequently coated with magnetite), and a certain amount of serpentinoid 
substance. 

Immediately at the vein the rock (373 CI. A) is whitish-graj^ soft, with 
much pyrite, and consists chiefly of the same greenish sericite and granular quartz. 
No. 372 contained much silica, considerable alumina and magnesia, also pyrite. 
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and very little lime. A determination of alkalies ^ave KjO, 3.63 per cent; Na,0, 
0.'25 per cent; titanium, about 1 per cent. No. 373 contained the same bases as 
No. 372; alkalies: KgO, 8.95 per cent; Na^O, 0.16 per cent. (Analyses by 
Dr. W. F .Hillebrand.) 

RELATION OF CONTACT AND HYDROTHERMAL METAMORPHISM. 

The alteration of limestone along fissure veins to tremolite or diopside with 
magnetite and sulphides is, as far as I am aware, a process which has not been 
described previously. Ordinarily, limestone alters next to tisisure veins to dolo- 
mite or quartz or jasperoids." The access of silica and iron and the mineralogical 
result of the process hei'e discussed undoubted!}^ connects it in some way with 
contact metamorphism, and it is also probable that this kind of transformation 
took place at high temperature comparatively soon after the soliditication of the 
porphyry. 

At first glance it might seem plausible to assign all the changes which have 
taken place in the metamorphic zone to the same hydrothermal alteration which 
has aflfected the porphyry along the fissure veins. This view, however tempting, 
is surely incorrect. Instead of one set of phenomena, we have two related and, 
in part, superimposed processes. Among the proofs of this are the absence of 
sericitization in the poii^hyry of many dikes which have exerted strong contact 
metamorphism, and, further, the entire independence which the masses of 
extremely altered garnet-magnetite rock show in regard to the fissure veins, and 
their distinct dei)endence on contact of dikes and main stock. The vein altera- 
tion produces dull earthy rocks from the limestone, while contact metamorphism 
results in hard, compact, granular ro<».ks. On the other hand, there is undoubt- 
edly a certain relation between the two processes, for amphil)ole and pyroxene 
occur in the true contact-metamorphic rocks, and the intergrowth of magnetite 
and pyrite is characteristic of lx)th. I should, therefore, conclude that after the 
completion of the contact metamorphism, properly speaking, and after the con- 
solidation of the porphyry, an extensive fissuring took place, and solutions 
derived from the cooling porphyry, probably ascending and laterally extending 
from this rock, flowed through these fissures. Fiverything indicates that these 
solutions were closely related to those which emanated from the magma at the 
moment of intrusion, and, in fact, were similar in general composition. 

As to the quantitative relation of contjict metamorphism and h3'drothermal 
metiunorphism it is difficult to speak with absolute ceilainty. In some parts of 
the contact-metamorphic rocks small seams with sulphides and magnetite are very 
abundant (for instance, in the Yavapai mine), and it is not easy to say how much 
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of this should be credited to each form of alteration, for the sedimentary rocks 
were evident!}' solid during the intrusion, and seams filled with sulphides may well 
have formed in them. Generalh^ speaking, they would be, and in fact are at 
present, much less permeable to solutions than the porphyry, as shown by the slight 
depth which oxidation has attained in them, and it is believed that the hydrothemial 
solutions were chieflv confined to cracks and fissures, in contradistinction to the much 
more searching action of gaseous water. The facts above given show, indeed, 
how slight is the lateral spread of alteration from the veins. That the solutions 
producing the contact metamorphism effected such intense results is probably due 
to a far greater degree of heat and gas pressure existing. 

PROCESSES DUE TO OXIDATION AND HYDRATION IN THE CONTACT- 

METAMORPHIC ZONES AND IN THE VEINS. 

GENERAL STATEMENT. 

Under the above heading are included the changes due to oxidation at the 
immediate surface, or weathering, by which the rock is broken down and loses 
its identity; and also various changes and interchartges of minerals usually accom- 
panied by hydration and sometimes effected at considerable depths below the sur- 
face, but in all cases primarily due to surface waters and to the oxygen which 
they contain. To a large extent, these processes come under the division of 
common hydrometamorphism, but the man}- peculiar reactions taking place in 
the mineralized zone i-enders it advisable to discuss this area separately. Outside 
of this area, where special conditions of abundant sulphides and many minerals 
rich in iron prevail, weathering pla3^s an unimportant part. Owing to climatic 
conditions, erosion and disintegration proceed far more rapidl}' than does the 
chemical decomposition of the minerals. 

The ultimate tendency of surface weathering, then, is to destrov the rock 
and to produce a few extremely resistant minerals which will uftimatel}- form part 
of the soil. Among these, limonite, kaolin, and quartz are the most prominent, 
while the lime, magnesia, and alkalies are largeh' carried away as carbonates 
by surface waters. 

PROCESSES IN DETAIL. 

i . 

MINERALS 

Garnet, — The brown or yellow^ lime-iron garnet of the districts becomes 
uniformly converted into cellular masses of limonite and hematite, together with 
quartz, the latter sometimes cr^^stallized. Under the microscope the decomposition 
is seen to proceed from a network of little fissures. The quartz is in places very 

16859— No. 43—00 12 
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fine grained, almont cryptcxrn'Htalline, but is apt to suddenly change to more coarsely 
crystallinci aggregates. The lime must l>e carried away as carbonate: secondary 
calcite crystals are sometimes seen sunnounting the decomposing garnet. The 
process is confincKl to a shallow zone at most 100 feet below the surface, although 
in ore iKxlies or along fissures where oxidation has been energetic it may take 
pla(;c at much greater depth, probably down to 4(X) feet. Seams of black oxides 
of manganese oanir f requenth'. 

Epiflote. — Epidote crumbles near the surface to yellow or brown soft masses 
which contain much H^O and Fe,0„ together with a little Al, (^, Mg, and Cu, 
probably a mixture of ill-defined hydrous silicates. When not directly' exposed 
to oxidation, it is very resistant. 

Pyrffxene (dw])sule) and afftphiboh {trernoliU^). — The colorless diopside and 
tremolite so common in the altered limestones also resist direct oxidation very 
strongly, but are ver}' susceptible to hydration below the surface. Abundant 
pale-green chlorite is developed from both minerals; this takes place at depths 
of several hundred feet l)elow the surface, especially near fissures. The chlorite 
occupies spaces between the prisms, has normal optical characters, and probably 
corresponds approximately to the composition 5MgO,Al,Oj,3SiO„4H,0. The 
process involves loss of Ca, as carVionate, while the small amount of alumina in 
the rocks is probably sufficient for the development of chlorite. Occasionally, as 
in the second ore body of the Detroit mine, tremolite takes up much water, 17 
per cent in one case, and becomes converted to asbestos-like minerals. Another 
phase of alteration of tremolite and diopside is that resulting in serpentine, 
frequently occurring together with chlorite, as, for instance, in the case shown 
by the analysis on page 173. This serpentine is sometimes found infiltrating 
the less-altered limestones near rocks with much p3'roxene, as yellowish-green, 
translucent veinlets, replacing the carVionate. 

Chlorite. — Chlorite changes to limonite and quartz under strong oxidizing 
conditions. Below the surface hydrated ferric silicates seem to form from it in 
some places (see ''Morencite," p. 115), with loss of part of the magnesia. Under 
influence of vein-forming solutions in the altered porphyry chlorite alters to 
serpentine. 

Sericite. — Sericite is decomposed with great difficulty, and is abundantly 
present at the very surface. A small part of it seems to alter to kaolin, but 
probably only under the influence of solutions containing free sulphuric acid. 
In rare instances it seems to have been wholly dissolved, as above the cuprite 
zone in the Montezuma mine in porphyry. 

Magnetite, — This mineral oxidizes at the surface to hematite, which is usually 
loose and cellular, and black from accompanying peroxide of manganese. Limon- 
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ite is the final product. Near fissures and in ore bodies in altered limestone 
the oxidation of magnetite may proceed to a depth of 200 feet or more. 

Apatite, — Under the influence of vein-forming solutions apatite is not in 
general attacked, which seems peculiar, as it certainly is acted on by carbonated 
surface waters. This finds expression in the sparing occurrence of copper phos- 
phates in the oxidized ores at several places in the district. Except in one case, 
it was impossible to determine specifically the mineral formed. 

Pyrtte, — The oxidation of pyrite is a subject which has been extensively 
discussed by many writers on chemical geology, but, as remarked by Mr. Ran- 
some,^ it is still in need of treatment from the experimental standpoint.* At 
the surface pyrite in general oxidizes according to the formula: 

FeS,+70+H,O=FeSO,+H,SO,. 

This reaction involves several intermediate stages in which S, HjS, and SOj may 
be formed. The ferrous sulphate upon further oxidation yields ferric sulphate, 
and the latter is easily decomposed to various basic sulphates and ferric hydrates 
and free acid. The sulphuric acid is ready to oxidize remaining pyrite, if cuprif- 
erous (see p. 183), while the ferric sulphate also attacks pyrite and other sulphides, 
changing them to sulphates, being itself reduced to ferrous sulphate. A cycle 
of reactions will thus be initiated which will continue until all of the sulphides 
exposed to oxidation have been transformed into various oxysalts and most of the 
iron has changed to limonite. Pseudomorphs of limonite after pyrite have been 
noted under the microscope in decomposed porphyries from Coronado and Metcalf, 
and some of these carry a kernel of chrysocolla. 

Such "iron caps" as are seen at the outcrops of veins in regions where oxi- 
dation proceeds undisturbed by erosion are generally absent in this district. The 
veins are rather marked by siliceous outcrops containing a small amount of oxi- 
dized copper ore and little limonite; some of them are entirely barren. The ore 
bodies in limestone contain, it is true, much limonite, but that is rather due to 
reactions between sulphate and carbonate than to direct oxidation. No basic ferric 
sulphates have been found on the surface or in the mine workings. It is therefore 
concluded that the waters which percolated through the deposits very soon lost 

a Prof. Paper U. S. Geol. Survey No. 21, 1904. p. 155. 
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Weed, W. H., Enrichment of metallic veins by later metallic sulphides: Bull. Geol. Soc. Am., vol. 11, 1900, pp. 179-206. 

Winchell, H. V., Synthesis of chalcocite: Bull. Qeo\. Soc. Am., vol. 14, pp. 26^276. 
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their oxygon and that of the products resulting from the decomposition of the 
pyrito only ferrous sulphate and dilute sulphuric acid are of imix)rtance for the 
changes which have taken place below the croppings. 

Chalcopyntf\ — Direct oxidation of chalcopyrite yields cupric and ferrous sul- 
phates as follows: 

CuFeS, + 80 = C^uSO, + FeSO, . 

The FeSO, is subject to the already discussed alterations. Granular chalcopyrite 
from the altered limestone of the Arizona Central mine, for instance, changes to 
limonite, as is well shown in specimens. 

Zinc hUnde, — Under oxidizing conditions this mineral yields zinc sulphate 
very easilj'. 

ORDER OF OXIDATION. 

The general order of attac^k by oxygen is said to be as follows:^ Arseno- 
pyrite, pyrite, chalcopyrite, blende, galena, and chalcocite, the hist being the most 
resistant. 

Van Hise* says that the sulphides of iron, copper, zinc, lead» and silver will 
be oxidized in the order given. How far this may be relied upon is doubtful; 
it is probably true for only one set of conditions as to mass, aggregate, and 
character of solutions, and varies also in the different sulphur compounds of each 
metal. In the Clifton district, for instance, chalcocite is often entirely oxidized, 
while much pyrite remain^. 

SULPHATE WATERS. 

The waters descending from the surface of the ground into the lodes, as well 
as into the pyritized and sericitized porphyry and the altered limestone, should 
contain, as essential constituents, ferrous, cupric, and zinc sulphates, together 
with some free sulphuric acid. Any oxj^gen they^ might contain would almost 
at once be absorbed by the ferrous sulphate. Even if free sulphuric acid were 
lacking, an acid reaction would soon obtain by electrolysis. To the acid solution 
of iron, copper, and zinc must be due most of the important changes which have 
transformed the low-grade lodes and the disseminated copper ores in the limestone 
into commercially important ore bodies. All three sulphates, especially those of 
copper and zinc, are found as efflorescences in the mine workings. 

The relative stability of the sulphates appears to be as follows: Ferrous sul- 
phate, cupric sulphate, zinc sulphate, and lead sulphate, the last being the most 
stable. The first three are very easily soluble in water — in fact, more so than 
most other substances — and this great mobility explains many of the remarkable 

aWcHMi, W. H., Trans. Am. Iiwt. Min. Eiik. vol. 30, p. 429. ftTmns. Am. Inst. Min. Eng.. vol. 30. p. 101. 
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transformations effected. As I have found erroneous statements on this subject 
in some of the literature on ore deposits, the following figures are given. They 
are mostl}^ from Comeys's Dictionar}- of Solubilities: 

Table of parts of different salta dissolved by 100 parts of axiter at different temjjeratiires centigrade. 



(p. IQO. 15°. 20°. M)o. ' 80°. 100°. 



Na,S04-f lOHjO 5.00 «480.00 

CaS04+2H,0 j .205 i ; ' i .2174 

MgS04-r7H,0 ' 73.00 ' j IIH.OO I ' 

FeSO^+THjO ' ' 45.50 ^ ' 3:^3.00 

CuSO^-fSHjO ^23.47 I 37.00 42.33 65.83 203.32 

ZnS044-7H,0 ' 115.00 ' 138.00 ' 161.00 442.00 654.00 

Al^CSOJ-r-lSHjO ' 86 85 1 L'. i 1,132.00 



«At31.25o. h31.6(Fremy). 

Recent investigations by Etard** have shown that nearly all of the hj'drous 
sulphates have a maximum of solubility at a certain temperature beyond which 
the solubility decreases, sometimes very rapidly. This is due to the decomposi- 
tion of certain of the hydrated salts at given temperatures and is especially marked 
in the case of ferrous sulphate, which becomes practically insoluble at + 155^ C. 
Potassium sulphate is an exception, increasing steadily in solubility. 

The turning point of the solubility curves lies at 34^ C. for NajSO^+lO 
H,0, at 80- for FeSO,+ 7H,0 and ZnSO,+ 7H,0, and at 130^ for CuSO,+ 5H,0. 
The temperature obtaining in the oxidized zone of these deposits probably 
nowhere exceeded 100^ and ranged from that figure down to the average tem- 
perature prevailing in the region; that is, to somewhere about +15^ C. 

Mr. Winchell sUites that the mine waters of Butte contain considerable 
amounts of cuprous salts, presumably cuprous sulphate.^ The method by which 
this result was obtained is not given. This would seem desirable, as it is said 
to be very difficult to detect cuprous salts in a mixed solution. While not deny- 
ing the possibility of their existence in intermediate reactions, I do not believe 
that they formed an important part of the mine waters in the Clifton-Morenci 
district. At the present time, while moisture percolates, as shown b}^ efflores- 
cences and stalactites of sulphate, no waters can l^e obtained in sufficient quan- 
tities for examination. The sulphate solutions act somewhat differently in the 
ix)rphyr\' and in the limestone-shale series. In the former, more porous, rock 
they spread easily and percolate downward, while the altered shale and limestone 
offer considerable resistance. 



aOstwald, Allgemeine Chcmie, pt. 1, p. 1052. 6 Bull. Geol. Soc. Am., vol. 14, p. 269. 
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PROCESSES IN FISSURE VEINS IN PORPHYRY AND LIMESTONE. 

Thf^ moHt imfx'irtant of thesi* cr»n.si?*tH in the formation of chalcocite by the 
action of cnprir- sulphate on pyrite and zinc blende. That certain .'^It* will be 
decom posed bv metal I ir sulphides and preeipitated as sulphider^ ha« long been 
known. The reactions established by Schuermann " ?»how the following .series in 
the order of their affinity for sulphur: Mercury, silver, copper, bismuth, i'admium. 
antimony, tin, lead, zinc, ni<*kel, cobalt, iron, arsenic, thallium, and oianganese. 
A salt (}f any metal in the series would ^)e decomposed by the .sulphide of any 
succeedinjf metal and the tirst metal precipitated a.s sulphide. If secondary depo- 
sition of sulphides by reaction of pyritic ores on descending waters has taken 
piaffe in an ore deprxsit containing silver, copper, lead, and zinc, these sulphides 
woidd \te arranged accorrling to this rule in zones in the following order: Argen- 
tite, chalcrjcite, F»f)rnite, cbalcopyrite, galena, zinc blende, pyrite at bottom. 

In the lodes at Morenci, where pracrtically only copper, zinc, and iron are 
present, the lower limit of the chalcocite zone seems to lie about 44X» feet below 
the surface, though it varies considerabh' in different parts of the camp. 
Below this depth the veins consist of massive pyrite with which is intimately 
intergrown erjiially massive zinc blende and cbalcopyrite, the latter in small 
amounts. The gangue c^msists of very little quartz. The minerals in the chalcocite 
zone consist almost exclusively of pyrite and chalcocite. Above the chalcocite 
zone the lodes are usually leju'hed and almost barren, continuing thus to the 
9urface« 

CHAI/'OC:iTIZATIOX OF THE ZINC BLENDE. 

The blende of the ^K>ttom zone exposed in the first, second, and third levels 
of the Ryerson mine is doubtless a primary mineral deposited contemporaneously 
with the pyrite; the manner of inU»rgrowth in solid masses precludes any other 
ftuiiposition. In the (;halcocite zone and in the barren surface zone zinc minerals 
»eem to f>e almost entirely absent. The manner in which zinc blende is attacked 
and (X)pper sulphide de[K>sited is well seen in specimens from the first level of 
the Uyerson, some IM) feet Iwlow the bottom of the principal chalcocite zone, 
along the IIuml>oldt vein, 4<H) feet below the surface. The well-defined vein of 
solid pyrite with admixed zinc blende varies from 1 to H feet in thickness and 
is not altered as a whole. Along the foot wall, however, is a seam of kaolin 
showing a slight green copper stain. Within one-half inch of this seam the 
fine-grained, almost bliu^k, zinc blende, which is intergrown with some pyrite, 
IwcomcH dull and sooty and shows the presence of some covellite, a mineral of 
very rare occurrence at Morenci. Under the microscope the rock exhibits much 

t LivhiiTH Ann. d. (-hpni,, vol. 24V. IHHH, pp. 32fV-8G0. Emmonii, 8. P., Trans. Am. Inst. Min. Eng., vol. 80, p. 212. Weed, 
W H., TrtnN. Am. Inst. Mln. Etiff., vol. 80, p. 428. 
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shattering, and the zinc blende is seen to be surrounded b}^ dark, borders, not 
however, so clearly defined as in the case of the chalcocitization of pyrite. 
Chemical examination showed the presence of abundant copper in the altered part. 
The pyrite apparently does not precipitate Cu^S or CuS while zinc blende is 
present. Associated with the blende are grains of chalcopyrite, whether secondary 
or not could not be definitely ascertained. The kaolin, or a related mineral, 
and aggregates of chalcedony fill the branching veinlets in the rock. The zinc 
blende is thus attacked and converted into covellite and probably also chalcocite 
with simultaneous deposition of kaolin and chalcedony. No sericite forms. As 
covellite is unknown higher up in the main chalcocite zone, it follows that it must 
soon be reduced to chalcocite. The principal reaction is doubtless expressed by: 

ZnS+CuSO,=ZnSO,+CuS. 

Thus zinc blende is here clearly the first mineral to cause sulphide deposition 
from solutions of cupric sulphate, which agrees with its relative position in 
Schuermann's series. 

The zinc sulphate, being very easily soluble, is carried away. No efflorescences 
of zinc sulphate were found in the chalcocite zone of the veins in porphyry, 
though it occurs commonly enough in the oxidized zone of contact metamorphic 
sediments. If, as probable, the attacking water's, besides sulphates, contained free 
sulphuric ac^id, the decomposition of the blende would probably l>e facilitated. 

No secondary zinc blende has been found in an}' part of the mines, while, 
according to Schuermann's reactions, zinc should be precipitated as sulphide by 
pyrite. Secondary zinc blende, possibly formed according to this reaction, has, 
however, been reported from various mining districts." 

CHALCOCITIZATION OF THE PYRITE. 

According to Dr. H. N. Stokes,* dilute HjSO^ will not act upon pure pyrite. 
Reaction takes place, however, when the pyrite is cupriferous and likewise when 
HjSO^ is allowed to act on chalcopyrite. Doctor Stokes** has also shown that a 
neutral solution of cupric sulphate will act on pyrite at 100"" and 180^ as follows: 

5FeS,+14CuSO,+12H,0=7Cu,S+5FeSO,+9H,SO,+3H,SO,. 

The last HjSO^ is formed by the oxidation of the sulphur of FeS,. The 
formation of H^SO^ was proved by quantitative analysis. The reaction is not 
as simple as thus expressed, for some CuS is formed, less at 100^ than at 180^, 
Cuprous sulphate also plays a part in the reaction as an intermediate product, 

oWeed, W. H., Bull. Geol. Soc. Am., vol. 11, pp. 193, 206. 

ft Op. cit.. p. 187. 

c Unpublished manuscript. 
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according to Doctor Stokes. Similar equations would no doubt explain the for 
niation of eovellite (CuS), bornite (SCujS+FejS,), and chalcopyrite (CujS+FejS,), 
for it is well known that these sulphides form under conditions analogous to 
those of chalcocite. Doctor Stokes considers it likely that the reaction likewise 
goes on, though more slowly, between +100^ C. and +20^ C, the range of 
temperature probably existing in the deposit during the period of sulphide 
deposition. 

Mr. H, V. Winchell" in a most interesting experiment obtained the mineral 
chalcocite from the action of CuSO^ on pyrite in the presence of much SO,. It 
seems very unlikely, however, that SO, was present in the requisite amounts 
during the deposition of the chalcocite, so that the experiments and equation of 
Doctor Stokes more likely represents what actually happened. That SO, is 
formed in small quantities during the oxidation of pyrite in open air is true. 
Ferric sulphate is also formed, and as the two are incompatible the result will be 
sulphuric acid and ferrous sulphate. During this stage of open-air oxidation 
sulphites may possibly form, but is is very difficult to imagine that they could 
remain stable. As the waters percolate downward through the mass of unoxi- 
dized pyrite present at Clifton a short distance below^ the surface that mineral 
will soon reduce the ferric to ferrous sulphate and thus the principal active 
reagents will soon be limited to ferrous sulphate, cupric sulphate, and free HjSO^. 
It is stated in Mr. Wincheirs paper that SO, is formed by the action of ferrous 
or cupric sulphate on pyrite or chalcopyrite, but even if small quantities of 
sulphur dioxide did form they would probably soon be oxidized by an excess of 
cupric sulphate. 

The very fact that during the experiments of Mr. Winchell cupric sulphate was 
for a long time in contact with pyrite without causing a precipitate would seem to 
show that the evolution of SO^ must be excessively slight. The synthesis of 
chalcocite effected by Mr. Winchell is a highh^ important experiment, but it does 
not seem to apply to conditions at Clifton-Morenci, partly for. reasons already 
given, partly because the reaction is a inetdsainatlc Interchange between pyrite and 
the solutions, not a simple product of precipitation. 

On the other hand, it is certainly true that no chalcocite has as yet ^ been 
produced artificially by replacement of pyrite at ordinary temperatures, and such as 
doubtless prevailed during the formation of the mineral. The question i^ thus, to 
some extent yet open. 

The equations given by Prof. C. R. Van Hise* for the formation of chal- 
cocite seem open to criticism, as they require the presence of oxygen, which was 
evidently not present in the chalcocite zone, and as they are generally based on 

a Bull. Gfol. Soo. Am., vol. 14. pp. 269-276. ftTraiis. Am. In«t. Min. Eng., vol. 30, pp. 101, 111, U2. 
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ciiproua sulphate, which is only stable in the presence of an excess of cupric 
sulphate and probably only of importance as an intermediate product. Doctor 
Stokes^' has further found that at 200^ a mixture of ferrous and cupric sulphates 
gives metallic copper and ferric oxide. As such mixtures must have been present 
in the sulphate water, and as no such products resulted, it is clear that no such 
temperature prevailed when the chalcocite was formed. 

In this district the formation of chalcocite from pyrite is a most important 
process, to which most of the ore lx)dies owe their origin. This process is, 
throughout, one of replacement, chalcocite bodily replacing the pyrite, and 
it is so uniformly developed that one description answers for all localities. It 
acts on the solid pyrite seams and veins as well as on the sericitized and pyritic 
porphyry. To a limited extent it takes place in the metamorphic rocks, but on the 
whole these are so much less pervious to solutions than the porphyi-y that few 
important ore bodies have thus resulted. By chalcocitization the massive veins 
of pyrite become transformed into solid masses of black dull chalcocite, while the 
sericitized porphyry becomes filled with grains and little seams of the same min- 
eral. The first constitutes high-grade ores, the second the low-grade. A residue 
of pyrite, not T-et acted upon, is nearly always present. Thus a vein of massive, 
sooty material cutting the shale in the Montezuma mine contained 96 per cent 
Cu,S and 2.4 per cent FeS,, and pyrite may be easily seen in nearly every 
specimen of low-grade porphyry ore. The pyrite first becomes coated with a 
black stain; in a more advanced stage the chalcocite penetrates the pyrite on 
cracks and fissures in all directions (PI. XIV); finally it almost entirely replaces 
it. The chalcocite has an easily recognized, dull-black color and its sectile char- 
acter is proved in thin sections, by the deep striations produced by the emery 
during the gi'inding. Kaolin gouge always accompanies chalcocite when occur- 
ring as massive veins; in the chalcocitized porphyry the process is nearly always 
attended by a formation of a little brownish kaolin, together with microcrystalline 
quartz or more often chalcedony; these minerals encircle the pyrite or travei*se" 
the chalcocite as minute veinlets, distinctly later than the alteration of the por- 
phyry to sericite and pyrite. Sericite does not form during chalcocitization; on 
the contrary, the kaolin is formed at the expense of that mineral. Almost solid 
masses of chalcocite up to 20 or 30 feet thick have been mined in the Ryerson 
and Humboldt mines. The transition from chalcocite to unaltered pyrite at the 
lower limit of the zone is remarkably sudden. Usually a change takes place 
within 25 feet,. sometimes within 10 feet, from rich chalcocite ore to pyrite with 
one-half to 1 per cent copper. Chalcopyrite is rarely found as a secondary 
mineral, but ha^? been observed as small grains inclosed in chalcocite veinletM 

a Bull. U. 8. Geol. Survey No. 186, 1901, p. 44. 
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which cut through pyrite in the Rj'erson vein; it is here also accompanied by a 
little bornite. Other specimens of sericitized porphyry from the same mine show 
a coating of covellite instead of chalcocite on the pyrite grains. In the ''black 
stope" of the intermediate level of the same mine chalcocite is said to have 
occurred mingled with chalcopyrite, which probably was due to secondary sulphide 
deposition. 

OXIDATION OF THE CHALCOCITE ZONE. 

In the absence of a typical ^'iron cap"" we are forced to the l^elief that the 
space between the top of the chalcocite zone in the veins and the surface is 
occupied by the products of oxidation of chalcocite and pyrite, the only two ore 
minerals present in that zone. As reagents we have here ferrous sulphate, pos- 
sibly with a small amount of ferric sulphate, further cupric sulphate, sulphuric 
acid, and oxygen, the first four derived from the oxidation of chalcocite and 
pyrite near the surface. The ferric sulphate is rapidly converted into ferrous 
salt by the plentiful pyrite. Chalcocite under the influence of oxygen changes 
to cuprite and cupric sulphate: 

2Cu,S + O = 2CuS + CugO; CuS + 40 = CuSO,. 

Cuprite indeed is found abundantly just above the chalcocite zone, both in veins 
in limestone (Montezuma and Joy mines, Morenci) and in porphyry (Metcalf 
mines). Metallic copper is very easily produced from cuprite by sulphuric acid: 

Cu,0 + H,SO, = Cu + CuSO, + H,0. 

In fact, metallic copper is frequently observed in most intimate intergrowth with 
cuprite in this zone (quoted occurrences and in Arizona Central mine). In some 
cases (Montezuma vein) where much sulphuric acid must have been present, the 
sericite in the altered-porphyry dike accompanying the vein is wholly dissolved, 
having as gangue a porous, loose mass of quai*tz grains. The cuprite formed 
usually spreads irregularly in the wall rocks of the vein. Specimens from the 
Metcalf mines 40 feet above Wilson level and about 200 feet below the surface 
consist of light-gray sericitized granite-porphyry with seams of massive dark-red 
cuprite and scattered grains of the same mineral. The microscope shows the 
rock to be a normal, entirely sericitized poi-phyry, extensively fractured, and trav- 
ersed by irregular veinlets of dark-red translucent cuprite with small grains of 
native copper and a few remaining chalcocite grains. The veins often traverse 
the quartz phenocrysts (PI. XIII, jB), and are largely formed by replacement 
along initial cracks, partly also by mechanical filling. Cuprite also spreads in 
dendritic forms through the mass of the porphyry, accompanied by a little dark- 
brown limonite, a mineral which, however, is not usually found together with 
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cuprite in the veins. Similar ore was extracted in 1902 from the Montezuma 
vein, Waters Shaft level, where for some distance at the upper part of the chal- 
cocite zone this mineral and cuprite occurred together. Seams several inches 
wide of dull sooty chalcocite contain dark-blue spots of covellite, as required 
by the formulas given above, and are traversed by later seams of cuprite. 

The same intimate intergrowth of cuprite and native copper is frequently 
observed in Williams vein, Arizona Central mine. Sheets of copper are found 
on seams, incrusted with cuprite. There are also veins, several inches thick, 
of native copper which have that fibrous structure perpendicularl}' to the plane 
of the vein sometimes noted in chalcocite from this district, and which certainly 
represent direct pseudomorphs after chalcocite. This occurs from 250 to 280 feet 
below the surface. The chemical explanation of this replacement is not quite 
clear. The indirect way indicated above would hardly form massive pseudo- 
morphs. Another possible way is by ferric sulphate, if this could have main- 
tained its existence down to the required depth, thus: 

Cu,S + 3Fe,(SO,)3 + 4H,0 = 2Cu + BFeSO, + 4H,SO,. 

Kansome" suggests, quoting Brauns, that ferrous sulphate may act as a 
reducing agent and precipitate cuprous oxide from cupric salts. This seems 
hardly probable, for cupric sulphate and ferrous sulphate appear to mix in all 
proportions without reaction. Stokes's* reaction of FeSO^ and CuSO^ forming 
hematite and native copper at 200^ is very interesting, but probably has no 
application in the present case. 

The zone of cuprite and metallic copper has rarely great vertical extension. 
Both minerals are rapidly converted into cupric sulphate, brochantite, with sub- 
ordinate malachite and azurite, by sulphuric acid and carbon dioxide; but these 
products again are soon dissolved by free sulphuric acid forming from pyrite, 
some of which mineral tenaciously remains until the very last, and the copper 
salts descend to help enrich the cuprite zone. Thus the uppermost 100 to 200 
feet of the veins are usually barren. This applies to the Montezuma and Joy 
veins, and in a lesser degree to the Arizona Central mine, where the oxysalts of 
copper reached the surface m places. At the Metcalf mines the zone of oxidized 
ore reaches to within 80 feet of the surface, where the ore becomes too poor to 
mine and where limonite, absent below, begins to be deposited on seams. The 
most important copper minerals in the oxidized zone of the veins in porphyry 
are broi^hantite and chrysocolla, although wherever carbonate solutions were 
obtainable malachite and azurite also occur. Some ver}' fine specimens from the 
Metcalf mines some 60 feet below the surface and about 100 feet above the 
chalcocite zone offer excellent illustrations of these processes. The white serici- 

aProf. Paper U. 8. Geol. Survey No. 21, 19(M, p. 157. ft Unpublished manuscript. 
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tized porphyi'}' contains replacement veins and irregular bodies of cuprite, 
mosth massive and containing streaks of native copper. Green, partly crystal- 
lized or uiammillary crusts of green minerals cover the cuprite. The earliest of 
these are intimately intergrown, bluish-green chrvs(x;olla, brochantite, and mala- 
chite?, the former two prevailing. Azurite is usually the last mineral formed, 
sitting in well-detined crystals in cavities of the brochantite and chrysocoUa. 
Flakes of spangolite on the chrysocoUa testify to the presence of acid solu- 
tions cajnible of dissolving alumina. A dark-yellowish-brown mineral, either 
limonite or a ferric silicate, is also present in small (|uantities. 

Other si)ecimens from the open cuts on the iirst level show veinlets of mal- 
achite, in part certainly replacing sericite, and associated with a gangue of fine- 
grained quartz and limonite. At other placets in the Metcalf mines malachite 
and brochantite occur as filled veinlets and the latter is frequently found as 
w^oU-developed minute crystals. Specimens from the Copper Queen mine show 
chrysocoUa concent ricallj' deposited on loose pieces of porphyry and surmounted 
by tine crvstals of azurite. 

It is not necesvsary that this complete cycle of transformations should be fol- 
lowed, for brochantite and malachite direct from chalcocite has often been observed. 
Brochantite (H^Cu^SOio) probabl}'^ forms as follows: 

2Cu,S+10O+4H,O=H.Cu,SO,„+II,SO,. 

Chalcocite is not attacked bv either strong or dilute IIjSO^, while hydrochloric 
acid decomposes it with development of HjS. In a specimen from the Montezuma 
mine the chalcocite appears as if shattered, and on all seams brochantite develops 
by replacement. Farther away from the sulphide the brochantite partly changes 
to malachite (PI. XII, C). Direct transformation to malachite has also been 
observed at a prosp^^ct near Metcalf. 

The common occurrence of brochantite, the basic sulphate of copper, has been 
emphasized in the chapter on mineralogy. Its '* habitat'"* is chiefly in the {wrphyiy 
and not far below the surface. It is probably a very common mineral, though 
usually taken for malachite. It is very easily reproduced in different ways.* 
ChrysocoUa forms in most cases from cuprite, but Roth'^ says also that it results 
by interchange between cupric silii*ate and alkaline silicates. It is somewhat 
soluble in water, containing CO^, and is easily decomposed by acids. 

The absence of these oxysalts from the inmiediate surface zone of* most of the 
veins seems to indicate that they have been dissolved by waters containing HjSO^ 
and COg. The solutions were carried down to deposit still more copper in the 
upper and always richest part of the chalcocite zone. 

aBrauiu, R.,ChemlscheMineralQKie, 1896, p. 260. frAll«?. Creol., pt. 1. p. 2{i8. 
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With some exceptions the croppings of the Copi>er Mountain veins contained 
in porph^^rv are ahnost absolutely barren of copper minemls. Where the outirrops 
can be accurately placed, which is not often the case, they merely consist of 
sericitized poiphyry cemented by veinlets of quartz. The pyrite, copper salts, and 
limonite have been carried awa}', as illustrated by Analysis V on page 1(>8. The 
top of the chalcocite zone is 100 to 200 feet below the surface. As usual, the 
upper half of the zone is nmch the richer. At its upper limit the porphyry 
containing chalcocite and pyrite becomes brown and rusty. The chalcocite disap- 
pears rapidly, but some cupric sulphate is universally pre^^nt as efflorescences and 
seams in the rock. Limonite is fairly abundant in seams and throughout the rock. 
Some p3'rite remains to the last and disappears wholly only a very short distance 
below the surface. Malachite, chrysocolla, and allied minerals occur only in insig- 
nificant amounts. For some reason there has been here a more energetic oxida- 
tion of the chalcocite with direct conversion to cupric sulphate, which in turn has 
descended and enriched the upper chalcocite zone. We may assume that the 
following equations represent what has taken place: 

Cu,S+05=CuSO,+CuO 
CuO+ HSO, = CuSO, + H,0 

In some cases, however, bunches of chalcocite continue along the main veins close 
to the surface, and on the Fairplay claim, at Carasco, and near the Liverpool 
tunnel chrysocolla and other oxysalts are found near the surface. 

Cupric oxide (melaconite or tenorite) has not been found in these deposits 
either in the chalcocite or in the oxidized zone. 

PROCESSES IN DEPOSITS IN LIMESTONE. 

The processes which have resulted in the oxidized deposits which form 
irregular or tabular masses in limestone or shale are materially different from those 
prevailing in the yeins. They are partly due to direct oxidation and largely 
to the effect of sulphate solutions. Most of the ore liodies are situated near the 
surface like the Detroit, Longfellow, and Shannon deposits, or near a fault facil- 
itating the percolation of solutions. Although direct evidence is not available 
in every casef, it is certain that the original material in most cases consisted of 
lean chalcopyrite ores mingled with pyrite, magnetite, and zinc blende. These 
were, according to accidents of contact metamorphism, locally more concentrated 
in irregular masses or along certain strata. Free oxygen, free sulphuric acid, 
ferrous and cupric sulphates with an abundance of carbonate of lime were the 
reagents employed by nature. Oxygen and carbon dioxide alone in many cases 
doubtless produced limonite and malachite directl}' from the sulphides, but the 
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most important relictions surely were tiiose between carbonate of lime and 
sulphate solutions partly derived from points near the surface. 

2CuSO,+2CaCO,+H,0=(CuOH),CO,+2CaSO,+CO,, 
or cupric sulphate + calcite = malachite + calcic sulphate; 

3CuSO,+3CaCO,+H,0=(CuOH),Cu(CO,),+3CaSO,+CO„ 
or cuprir sulphate + calcite = azurite + calcic sulphate. 

Accordin>^ to a well-known reaction, ferric hydrate w^ill be produced from 
ferrous suipliate and calcite, and in this manner is explained the occurrence of 
malachite, azurite, and limonite on these deposits. The copper contained in the 
contact metamorphic rocks will thus l>e enriched by precipitation of the trans- 
poited cupric sulphate. Reduction of volunie by the removal of gypsum contrib- 
utes to the enrichment. In confirmation of the correctness of this reaction crusts 
of replacing malachite and azurite frequently surround residual rounded masses 
of limestone. This was particularly well shown in an excavation at the surface 
near the Ryerson shaft, Morenci, and in the Boulder tunnel, Shannon mine, 
Metcalf. In part, however, the process is one of crustification, as was well shown 
in the beautiful stalactitic masses of malachite and azurite formerly found in the 
Detroit and Manganese Blue mines, and to some extent yet occurring in the red 
and central ore bodies of the Shannon mine. A specimen from the latter locality 
shows stalactitic crusts of black copper-pitch ore and dull-black material with 
much manganese; on this is deposited coarsely crystalline azurite with a little 
kaolin, which again is surmounted by fine fibrous malachite; in places occurs a 
second generation of azurite alternating with copper-pitch ore. Other specimens 
show crusts of dark -green brochantite, limonite, again surmounted by fibrous 
pale-green malachite. 

In the old irregular azurite stopes in the Copper Mountain tunnel at Morenci 
the partly contact-metamorphosed limestone is converted to a loose yellowish 
aggregate containing bunches of small azurite crystals and many small pale-green 
halls of radially fibrous malachite. The matrix consists chiefly of a kaolin-like 
material, containing roughly 27 per cent H,0, 29 per cent SiO„ 36.5 per cent 
AljO,, and 3.3 per cent MgO. (Hillebrand, analyst.) 

The garnet and magnetite, frequently forming the gangue of these deposits, 
likewise alter to ferric hydrate and quartz with removal of lime. Gypsum is 
not uncommonly found as silky foils, and was especially noted from the Monte- 
zuma and Manganese Blue mines. 

Besides these principal processes there are mai\y others of subordinate 
importance. Chrysocolla forms where silica is abundant, as in masses of garnet 
(Modoc mine), and is usually associated with copper pitch ores and seams of 
black manganese, probably impure pyrolusite. Brochantite is not common. 
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The zinc sulphide contained in the primary veins, below the chalcocite zone, 
is there converted to zinc sulphate and practically eliminated from the oxidized 
zone. In the deposits in the altered limestones no such complete elimination 
takes place, for carbonate of zinc and the two silicates are occasionally found; 
much zinc also goes into copper-pitch ores, and the cap rock of parti}- oxidized 
magnetite and garnet at the Shannon mine contains some of it as carbonate and 
silicate. In the ore bodies proper the zinc forms a very small percentage. Efflo- 
rescences of zinc sulphate, with which are also mixed the sulphate of magnesia 
and copper, are of very common occurrence in old mine workings in shale 
and limestone. 

The final result of the oxidation and enrichment of the altered limestone 
will be limonite, quartz, malachite, and azurite, with more or less kaolin. The 
lime is almost eliminated, while silica and alumina form residual concentrations. 

Chalocite is rarely an important mineral in these deposits. Cuprite, ordinarily 
absent, occurred extensively in some parts of the Longfellow mine, under exactly 
what conditions is not ^nown. 

OXIDIZING PROCESSES IN SHALE. 

The occurrence of cuprite in clay shale is a common phenomenon at Morenci. 
Disseminated in small flakes it is plentiful in the Hudson crosscut of the Arizona 
Central mine 150 feet below the surface, and bodies of it were extracted in 
1902 in the Manganese Blue and Montezuma mines, 100 to 150 feet below the 
surface. It also occurs disseminated with the thick shale beds underlying the 
second ore body in the Detroit mine. The two lower ore beds of the Manganese 
Blue mine, now worked out and inaccessible, also carried predominant cuprite ore. 
The occurrence in the Longfellow mine may also have been partly associated 
with shale. The cuprite occurs as flakes on the bedding planes of the dark-gray 
or black shale, or disseminated through it in veinlets which to some extent are 
formed b\^ replacement. No particular gangue mineral seems to be associated 
with the mineral, except limonite in the richer occurrences. The cuprite is partly 
altered to malachite, this being proved by seams of the latter mineral cutting 
across the first. These occurrences of cuprite seemed at first difficult to explain, 
but recent interesting experiments by Doctor Kohler," who shows that solutions of 
copper sulphate filtered through kaolin become hydrolyzed by adsorption, throw 
much light on the subject. The copper is precipitated as oxide, and sulphuric 
acid is set free. Organic matter contained in the kaolinic shales would easily 
account for further reduction to cuprous oxide and native copper, if indeed this 
be not accomplished directly by the free sulphuric acid. 

aZeitflchr. prakt. Geol.. vol. 11, p. 49. 
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Dr. E. C. Sullivan, who for some time had been working on the phenomena 
of adsorption b}^ kaolin, kindly consented to make some experiments on the 
Morenci shale anal^^zed and described on page 67, with a view to ascertaining its 
action on solutions of cupric sulphate. A preliminary statement by Doctor 
Sullivan of the interesting results of this inquiry is here appended. 

''Fifty grams of shale, finely ground in agate mortar, were placed in 100 cubic 
centimeters of solution of cupric sulphate containing 0.0025 gram of copper per 
cubic centimeter. After standing for four days, with occasional shaking, the solu- 
tion contained but 5 per cent of that amount of copper. A solution of the same 
strength had lost all its copper after four months' contact with shale. A concen- 
trated solution with original content of 0.7645 gram copper per cubic centimeter had 
but 0.7058 gram copper per cubic centimeter after a few days' contact, 100 cubic 
centimeters of solution thus giving up nearly 0.6 gram copper (0.75 g. cupric oxide, 
CuO) to 50 grams shale. 

'* A certain amount of acid radical is also taken from the solution by the shale. 
This loss in one experiment with the dilute copper sulphate mentioned was something 
over 10 per cent of the total SO^. 

'*<rhe shale in turn gives off a part of its constituents to the solution, about 0.2 
gram having been found in IfO cubic centimeters after treatment with the dilute 
copper sulphate solution. This is 0.4 ^r cent of the 50 grams shale taken. Of this 
dissolved matter, mostly present as sulphate, one-third to one-half was potassium 
oxide, most of the remainder being magnesium oxide and calcium oxide with sodium 
oxide, manganese oxide, ferric oxide, and silica in smaller quantities. 

'*The acidity of the solution was not increased by removal of copper, analysis 
showing that copper precipitated in excess of that equivalent to the acid radical 
removed was replaced in solution by other bases as sulphates." 

In that part of the Longfellow deposit contained in the East Yankie mine 
masses of very pure kaolin occur together with separated masses of cellular 
limonite. Neither contains much ore and both are probably derived from clay 
and lime shales. The kaolin contains little aggregates of cuprite with metallic 
copper and both alter to malachite, which traverses the rock in delicate veinlets. 
Sometimes the cuprite is surrounded b}" little aureoles of limonite and malachite: 

Azurite is also no stranger in the shale deposits, as shown, for instance, in 
the second ore body of the Detroit mine. The mineral has a strojig tendency 
to develop metasomatically in the partly contact-metamorphosed shale, as shown by 
PI. XV, B. Specimens show a grayish compact shale, more or less-deeply colored 
by malachite and containing fine replacement crystals of azurite. In thin section 
the shale consists of a microcrystalline aggregate of sericite and tremolite, full 
of minute grains and crystals of malachite which also occurs as fibrous replace- 
ment veins, liesides the minerals mentioned there is formed b}- replacement of 
the shale a dark-brown translucent and isotropic copper-pitch ore which assumes 
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round concretionary forms. Coses have l^een observed in the Copper Mountain 
mine irt which azurite envelops grains of undecomposed pyrite accompanied by 
a little limonite. 

Another interesting occurrence is that of cuprite on magnetite, observed on 
the intermediate level of the Arizona Central mine, 200 feet below the surface. 
About 200 feet below the surface at a strong slip, not far from the great dis- 
turbance of the Apache fault, a seam of chalcocite in porphyry alters to cuprite 
near a mass of magnetite here adjoining the porphN^ry. Fine crystals of cuprite 
sit on open fissures of dissolution in the magnetite and are accompanied by 
limonite and fibrous crusts of some manganese ore. The magnetite probably 
plays no direct part in this reaction, which more likely is due to direct oxidation. 

It is well known that the ''clay substance'' in plastic clays, together with 
any potassium they may contain, dissolves entirely in strong sulphuric acid, a> 
well as in hydrochloric acid. It is ceitain that kaolinite is likewise decomposed 
b}' strong acids, though a statement to the conti'ary is found in Dana's System 
of Mineralogy. That dilute sulphuric acid produces similar results more slowlj" 
is very probable and is supported b}^ many observations at Morenci. Thus 
alumina acquires a considerable mobility wherever acid solutions are present. 
An illustration of this is furnished by specimens of greenish compact shale from 
the Longfellow mine, which are traversed by seams of quartz and manganese 
dioxide. Between these seams the clay shale is partly dissolved and a series of 
irregular cavities formed, often coated by calcite crystals in flat rhomlx)hedrons. 
Pure- white kaolin frequently ixM-urs with azurit<» at Morenci, its formation being 
easily explained by the action of aluminum sulphate on free silica in the 
presence of cupric sulphate, thus: 

Al,(SO,)3+3CuSO,+3CaC03+2SiO,+6H,0=3CuO,2CO„H,0+ 

H,Al,SiA+3CaSO,+3H,SO,-fCO,. 

The aluminum sulphate formed by the attack of sulphuric acid on clay sub- 
stance is extremely soluble in water, and is thus easilj' transported. During the 
oxidation of clay shales pure kaolin in nodules is very apt to form, as seen in 
the Detroit mine, and this in itself seems to imply solution and transportation. 

Sericite is undoubtedly more resistant than kaolin, but evidence froui the 
Montezuma mine shows that it may l)e attacked. The presence of alunite, an 
almost insoluble sulphate; of aluminum and potassium, in the Ryerson mine ix)hit> 
in the same direction. It occurs here both in seams and in the altered rock, 
clearly replacing the sericite: the pyrite in the same rock is, however, not attacked, 
and we may, therefore, refer its origin to sulphuric-acid solutions Without free 
oxygen. 

16859— No. 43—05 13 
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Xo secondarr pyrite appears to have l>eeii formed at any time in the zones of 
direct or indirect oxidation. Considering that cupric and ferrous sulphate certainly 
oeeur mixed in various projwrtions in the oxidizing waters, it is certainly remark- 
able that the oxysalts of copper are almost entirely free from iron. Only the 
soluble sulphates seem to have some slight inclination to crystallize in isomor- 

phous mixtures. 

PAUAGKNESIS. 

The niinenils formed during successive stages may Ije summarized as follows: 

Vfins — 

IViinary pro<v«H»j!« — Pvrito, rhaK^)i>yrite, zinc blende, nmlyUlenite (rarely ina^ietite). 
Hericite, quartz (rarely tremolite, ilioi>Hi<le, ami epi.lote). 

IntnKhietion of imn, sulphur, zinc, ropiier, (M^uiMiiuni, and silira. Kliniination of ealeiuni 
and ixxlium. 
I*rrK*esHeH iti oxidation — 

Action of Hulphate solutions without oxygen — ('halco<*ite ( rarely rovellite, chak'opyrite. 
and l>oniite), quartz, chalceilony, kaolin, alunite. 

Introduction of <'opi»er. Kliniination of zinr, some iron and sulphur. 
Action of dire<'tly oxi<lizinK solutions — Cuprite, native cop|>er, hnx*hantite, malachite, 
chrys<xHilla (rarely azurit«')t chalcanthite, limonite, quartz. 

Introiluction of cartxin dioxi»le. Kliniination of sulphur, together with some in»n 
and copj)er. 
Con tart tlepositi? — 

I'rimary pnx-espes — Pyrite, magnetite, «-hal«*opyrite, zinc Mende, molylxlenite, spocularite, 
^met, epidote, diopfiide, tremolite, quartz. 

IntnKluction of much iron and silica, t<.>gether wiih »^»pjier, zinc, molybdenum, 
sulphur, pofrwibly ma^t*sia. Kliniination of i*arlN>n «iioxi<le and pmhably some lime. 
Prf^'esses of oxidation — Limonite, malachite, azurite. cuprite, rarely native copper and 
chalcrK'ite, copjier-pitt-h ore, <'hrys<M*olla, goslarite, zinr *<'arbonate, willemite, calamine, 
pyrolusite, quartz, calcite, chlorite, wrjientine. 

IntDKhiction of carlMm <lioxide and additional oqqier. Kliniination of calcium, sulphur, 
some zint! and iron. 



CHAPTER V. 

PRINCIPAL CHAKACTEKI8TI(;S OF DEPOSITS. 

DEPOSITS OF CARBONATES AND OXIDES IX LIMESTONi: AND SHALE. 

DISTRIBUTION. 

These deposits are chiefly confined to the vicinity of Morenci and Shannon 
Mountain, the principal occurrences heinf^ thoj^e of the Manganese Blue, Detroit, 
Copper Mountain,. Montezuma, and Longfellow mines at the former place, and 
that of the Shannon mine at the latter. Smaller deposits occur at the head of 
Placer Gulch and at the Stevens mines near the mouth of Garfield Gulch. 

GENERAL CHARACTER AND STRUCTURE. 

In their present form these deposits contain practically all of the oxysalts of 
copper known from the district, but consist chiefly of malachite, azurite, and 
cuprite, with very subordinate occurrence.^ of native copper and chalccx'ite. Jn 
most ciises these are associated with nmch limonite, manganese dioxide, kaolin, 
and soft yellowish material which in a large proportion of the deposits proves to 
be decomposing and hydrated forms of tremolite, diopside, epidote, or garnet; 
some quartz is also present. The coppiu* minerals are sometimes deposited by 
crustification, when zinc and manganese salts usually also appear, or form as 
replacements in lime or shale. Exceptionally, as in the kjtevens mines, deposits 
of chrvsocolla with limonite occur in whoUv unaltered limestone. 

The carbonate ores, Avhich generally prevail in the deposits contained in 
limestone, are malachite and azurite. the latter sometimes forming large aggre- 
gates of crystals. Formerly the ore was often extremely rich, great masses 
^'ielding 20 per cent having been of common occurrence, but pnictically all of 
these deposits except some in the Shannon mine have now been worked out. 
There was great demand for this ore, which natually yielded most easily to 
metallurgical treatment, and the deposits were thus rapidly exhausted. The ores 
contain very small quantities of gold and silver, the amount of silver per ton rarely 
rising to I ounce and the amount of gold rarely exceeding 50 cents per ton. 

The form of these deposits is sometimes entirely irregular, as shown in the 
small azurite stopes of Copper Mountain. The Longfellow deposit was shai)ed 

1% - 
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like an inverted pyniniid. its greatest depth being about 400 feet from the sur- 
face (tigs. 5 and (>). Most coninion, liowever, is a roughly tabular form following 
certain ])eds in the sedimentary series. This is the fonn in the MoDteziima. 
Detroit, Manganese Blue, and Shannon mines (PI. XXV and figs. 7 and s). In the 
three latter there are several ore-bearing lieds, one al>ove the other, 4 of them ill 
the Manganese Blue and 3 in the Detroit. The horizontal extent of these tabular 
deposits varies gn^atly, but i*arely exceeds 30(> or 44H) feet, and the two dimensions 
are apt to \h* approximately e(|ual. The thickness varies from 1 or 2 feet up to 
25 or 30, and oi-casionallv this last is exceeded. The boundaries are rarelv 
regular and the \my ore shades imix*rceptibly into the rock. One of the excep- 
tions from the last rule is found in the second ore Ixxlv of the Detroit, which 
lies l)etween shale and limestone. The ore, which chieflv consisted of oxidized 
metamor]>hic shale with nmch azurite, and which was al)out 5 feet thick, lx)rdered 
against th<» upi>er limestone with a well-defined and irregularly pitted surface, 
prol>ably due to erosion by acicb* during the oxidizing process. Still another form 
Is shown by many of the smaller ore liodies along the Central, Black Hawk, and 
Shirley dikes at the Shannon mine. These lie as tabular masses along one or 
both conta4*t>< of the dikes and, though only a few feet in width, are sometimes 
continuous for several hundred feet. 

Quartz-monzonite-porphyry or gi'anite-poi*ph3'ry are found in the immediate 
vicinity of all of these deposits. The ore Ixxlies of Copper Mountain ar^ the 
only ones situated directly at the contact of the main porphyr}' stock. All of 
the others show a very decided dependence on the porphyry dikes rather than 
on the main mass of that rock. Thus the Lon^ellow lies l>etween three dikes, 
which, together with a fault plane, determine its outlines (figs. 5 and 6). The 
Detroit and Manganese Blue are confined l)etween the Joy and Huumiing Bird 
dikes, which are al>out -UH) feet apart (fig. 7). The ores run up against these 
dikes, which themselves contain verj' little pay ore and that rather as chalcocite 
than as oxysalts. The Shannon red and central ore l)odies (PI. XXV) are also 
situated in the same way. as are the otherwise very different chrysocolla pockets 
of the Stevens mines. 

This dependence is still more marked in those deposits which follow some of 
the Shannon Mountain dikes. In this case the dike itself contains in places a little 
chalcocite and cuprite. 

GEOLOGICAL HORIZON. 

The deposits are not tied to any (larticular hi>vUon« but are distributed 
through the whole Paleozoic series. None have, however, lHH>n found . in the 
Cretaceous rocks. In the L#ongfellow and the Manifanese Blue the ore bodies 
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occur througfhout the Longfellow limestone. In the Montezuma they are found 
in the Morenci shales. In the Modoc and Detroit mines they cK*cur in several 
horizons of the Modoc limestone. The same is repeated at Metcalf. 

CROPPINGS. 

It seenis characteristic of these deposits that the}' frequently outcrop almost 
at the surface. As illustrating this may be mentioned the azurite stopes follow- 
ing the Shannon dikes, the central ore body in the same n)ine, the Longfellow 
mine, and the big uppfbr ore bodies in the Detroit and Manganese Blue mines. 
Azurite appears in fact to resist decomposition more strongl}^ than most of the 
other oxysalts of copper. 

ORIGIN. 

Driving laterally-, or sinking deeper from these ore bodies, is apt to develop 
hard metamorphosed limestone with chalcopyrite, garnet, epidote, and other 
mineral of the contact-metamorphic group. Such was found laterally and at the 
bottom of the Ijongfellow mine, 400 feet below the surface, and in the Detroit 
and Manganese Blue mines at depths of between 400 and 500 feet. In the Detroit 
mine garnet intergrown with azurite often occurs in the upper ore bod}', and 
tremolite with the same mineral in the second tabular mass of ore. Entirely 
similar conditions obtain in the Shannon mine. From all these data, explained 
in more detail in the chapter on metamorphic processes, the very confident con- 
clusion hjis been drawn that the majority of these deposits have been formed by 
the oxidation of irregular or tabular masses of low-grade ore, consisting of 
chalcopyrite, pyrite, zinc blende, and magnetite, associated with contact-meta- 
morphic silicates, such as .the lower mine workings have disclosed in such 
abundance, for instance, in the Yavapai mine. The oxidation has been accom- 
panied by great enrichment on account of reduction of volume and introduction 
of additional copper in sulphate solution. The principal reaction involved seems 
to be that between calcium carbonate on one hand and the sulphates of ferrous iron 
and copper on the other hand, resulting in ferric hydrates, copper carbonates, 
and gypsum. 

The oxidation does not extend down to any well-defined water level, which 
must be far below the deepest workings, but acts most irregularly, sometimes 
leaving fresh metamorphic limestone at the surface and again reaching down to 
a depth of 40p feet along fissures and faults. The present ore bodies probably 
fell an easier prey to oxidation by reason of their richness in sulphides and their 
favorable exposure to percolating waters. In such position are the upp)er ore 
bodies of the Detroit and Manganese Blue, In other cases the oxidation was 
facilitated by means of fault planes and porphyry dikes. These agents doubtless 
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caused the concentration of copper in the Longfellow mine (figs. 5 and 6), and the 
Copper Mountain fault eaaily carried solutions down to the lower ore bodies of 
the Manganese Blue (fig. 7). At the Shannon mine the ore bodies were easily 
a<'cessible to surface waters. 

For some of these deposits the origin indicated above is probably not appli- 
cable. Among these the most prominent group is formed by the cuprite deposits 
in shale, both in the pure clay shales of the Morenci formation and the lime 
shales of the Longfellow fonnation. Here the cuprite occurs disseminated or in 
filled or replaced veinlets frequently changed to malachite, and the ordinary con- 
tact minerals are absent. These deposits, of which the lower l>eds in the Man- 
ganese Blue and some l)eds in the Montezuma mine furnish the l>est examples, 
are evidently derived from percolation along shale beds of copper-sulphate solu- 
tions, which, according to the reaction descril)ed by Kohler/' deposit copper 
oxide and libemte sulphuric acid. 

In a few other ca^s, notably in the Stevens mines at Garfield Gulch, the 
oxidized ores, chiefly chrysocolla, form irregular masses surrounded by limonite 
in apparently unaltered limestone, but lying closely adjacent to a porphyry dike. 
It is difficult to arrive at definite conclusions as to the origin of these deposits 
where no direct evidence of contact metamoiphism exists. The sulphides from 
which the oxidized ores are directlv derived mav, in this case, well have been 
deposited by the vein-forming solutions spreading irregularh' in the limestone. 
If so, these ore bodies would l)elong to a somewhat later period than those due 
to contact metamorphisn*. In the Shaimon mine some of the Morenci shales 
contain much chalcopyrite, principally in little seams, and it is considered prob- 
able that this impregnation also date^s from the vein-forming epoc*h. 

Only a limited number of the more important ore liodies of carbonates and 
oxides have been mentioned, but it should be remembered that the contact- 
metamorpbic areas of limestone and shale, both at Morenci and at Metcalf, are 
full of smaller deposits and pockets of the same kind as those described in this 
chapter. 

AGE. 

To the principal class of contact- metamorphic deposits an age equal to that 
of the porphyry intrusion must l>e ascril>ed — that is, they were formed in latest 
Cretaceous or earliest Tertiary times. The agency was in all probability magmatic 
solutions, emanating from the porphyry. But these deposits were of low grade, 
and their concentTation to bodies of workable copper ores, took place later, and by 
the agenc}' of descending atmospheric waters, as evidenced by the complete oxida- 
tion of the ores. That this process of oxidation is still in progress is certain. 

aZeiuehr. pjrakt. Oeol., vol. 11, p. 49. 
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Another question Ls as to the date of beginning of oxidation. It is certain 
that the oxidation ))egan at the moment the first oxidizing surface waters reached 
these deposits. This depended on the rate of progress of erosion, which may 
have been materially different in various places. There is no reason why, in some 
cases, the oxidation may not have begun in Tertiary- time, for just l>efore the 
great volcanic eruptions of that period erosion had cut down to the same gradient 
it has now attained. Similar conditions and active erosion followed the Tertiary 
outbursts and preceded the deposition of the Gila conglomerate. 

An important dislocation — the Copper Mountain fault — cuts across the lime- 
stones which contain the Manganese Blue ore ]>odies. There is ver}- little ore on 
this fault, and the oxidized ore ))odies, according to best authority, butted 
directly against it. As shown b}' fig. 7, the oxidation has reached a depth of about 
400 feet on the foot-wall side, but scarcely more than 200 feet on the hanging- 
wall side, which has moved down relativel}^ about 225 feet. The principal epoch of 
faulting in this district was later than the intrusions of poi^phyr}' and earlier than 
that of the Tertiary lava flows. At the time of the faulting it is probable that a 
considerable thickness of Cretaceous strata covered the ore-bearing limestones in 
the Morenci basin, and, therefore, bearing in mind the great resistance of the 
contact-metamorphic rocks to oxidation, it is likely that no part of this oxidation 
took place earlier than the dislocation along the fault. After the faulting extensive 
desrradation followed, and the access of surface waters was much facilitated bv the 
fissures. Mv conclusion would be that oxidation of the Morenci contact- 
metamorphic deposits began rather early in Tertiary time, before the eruption of 
the andesites, rhvolites, and basjilts. 

FI881 RK VEIXS AND KKT^ATKD DEPOSITS. 

DISTRIBUTION. 

The fissure veins on the whole follow the porphyry stock, extending north- 
easterly from Gold (iulch, among the Eagle Creek foothills, b}- Morenci and Met- 
calf, to Copper King Mountain; their last outliers are found at Sycamore (julch 
northeast of that peak. The belt is about 9 miles long and from 2 to 4 miles 
wide. Small and irregular veins outcrop in Gold Gulch, and a strong and pro- 
ductive vein s^'stem passes through Morenci, on both sides of the contact. Small 
fissures and extensive mineralized zones characterize the vicinitv of Metcalf and 
Chase Creek between Metcalf and the Longfellow incline. The great Coronado 
fissure occupies a position by itself on top of the ridge south of Coronado Moun- 
tain. Finally a small group is found at Garfield Gulch, while a strong, but thus 
far not very productive, v^ein system follows the porphyry dikes of Copper King 
Mountain. 
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GEOLOGICAL FEATURES. 

The veins oi'ciir in practicjilly all of the older rocks of the district, but are 
never found in the Tertiary eruptives, basalt, rhyolite, and andesite. At Morenci 
they cut the Cretaceous and Paleozoic stmta, all more or less contact metamor- 
phosed. The lx*st veins are continued in porphyry or are not far from the con- 
tact. At Metcalf they occur in porphyry or granite: in the Chase Creek Canyon 
chiefly in granite, though usually close to |X)rphyry dikes; at (Jartield Gulch one 
vein lies on the contact between ix)rphvrv and limestone; the Coronado vein fol- 
lows a fault fissure between quartzite and granite, accompanied b}- a diabase dike; 
smaller veins, associated with dialiase dikes, occur at Gaiiield Gulch and vicinity. 
There are a few deposits which do not resemble the prevailing type at all, but, 
like the Ilormeyer vein, contain gold and silver with lead, or, like the Black 
Ijode, contain the ver}- unusual association of chalcopyrite, magnetite, and epidote. 
With all this diversity, practical!}' all of these veins are doseh" connected with 
granite-porphyry, (juartK-monzonite-poq)hyry, or diabase, either cutting these rocks 
directlv or following dikes of them, or at least occurring in the immediate vicinity 
of important dike systems. 

Leaving out of consideration for the present the few deposits of abnormal 
character, the discussion will finst be confined to the prevailing Morenci and Met- 
calf type, including those ore-bearing dikes and irregular zones of dissemination 
which are clearly genetically connected with the fissure veins. 

MORENCI AND METCALF TYPE. 
STRUCTURE. 

Most of the Morenci and Metcalf veins have a noitheasterlv strike and a 
steep northwesterly or southeasterly dip; a few >>etween Morenci and Metcalf 
have a nortberlv strike, and a minor svstem of veins near Metcalf courae north- 
westerly. Still, the northeasterly trend is chamcteristic, and this trend is also 
that of the poi-phyry stock and of practically all the porphyry dikes. This is 
in marked contrast to the trends of the fault lines, which do not seem to follow 
any well-defined direction, and to the course of the rhyolite dikes on Copper 
King Mountain, which have a northwesterly direction. As shown on the mine 
map (PI. XVIII) there are two groups of characteristically linked lode systems 
at Morenci, both forming flat curves, with the convex side toward the southeast, 
one chiefl}- in the porphyry stock near the contact and the other entirely in the 
metamoi*phic rocks. The length of this system is less than 2 miles. Individual 
veins are rarely traceable far, and may dip steeply either northwest or southeast. 
The Copper King vein, on the mountain of the same name, is probably traceable 
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for li miles; it is the longest vein in the district. On this a vertical depth of 
600 feet is attained. Few of the Morenci workings penetrate more than this 
distance below the surface of Copper Mountain. The irregular zones of dissemi- 
nation, as at the Metcalf mines, show small fissures and veinlet^ running in all 
directions, but here also a northeasterl>' striking sheeting of the country' rock 
prevails. Altered and ore- bearing dikes often also show northeasterly sheeting 
with pyrite seams parallel to the walls. 

The veins always have one or more well-detined walls, frequently well 
polished and striated. Movenient has alwa3's taken place along them, though 
the dislocations were seldom of great magnitude. The regularity of the principal 
fissures and their conjugated character (that is, their dipping in opposite directions) 
make it exceedingh' prol)able that they are due to compressive stress acting in 
a general northwest-southeast direction. In this respect these vein systems diifer 
little from those of manv other mining districts of the West. 

ORES IN GENERAL. 

The ores consist of pi'edominating pyrite with chalcopyrit>e, zinc blende, 
molybdenite, chalcocite, cuprite, and various oxysalts of copper, among which 
chrysocolla, brochantite, and malachite are the most common. The gangue 
occurs in subordinate quantities and consists exclusively of quartz. Experience 
has shown that each vein usually contains three zones in vertical distribution, as 
follows: 

Ore zones in the Morenci and Metcalf type ofjwgure deposits, 

iSurface zone 50 to 200 fet't deep from the cropping^; containH oxidized copper min- 
erals or is barren. 

Chalcocitv zone 100 to 400 feet in vertical extent; possibly more in places; contains chal- 
cocite and pyrite. 

Pyritic zone Begins 200 to 600 feet below the surface; contains pyrite, chalcopyrite, 

zinc blende, and molybdenite. 

It has been showp in the chapter on metamorphic processes that the min- 
erals of the upper two zones have rasulted from those of the pyritic zone by 
processes of direct and indirect oxidation: that the chalcocite is wholly derived 
from replacement of pyrite, probably by aid of cupric sulphate solutions; and 
that the surface zone has been derived from the chalcocite zone by its gradual 
and direct oxidation. It has further been emphasized that the pyritic zone has 
thus far been found to be poor, and rareh' makes commercial copper ore; that 
the chalcocite zone produces the richest ore, and that the richest part of it is 
near its upper limit: and, finally, that the leached zone is usually poor and some- 
times practicalh' barren. 
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ALTERATION OF THE COUNTRY ROCK. 

, The veins are accompanied by -complete se licit ization of adjoining porphyry, 
.' and this alteration, esptH*ially at Morenci and Metcalf, spreads over a dis- 
tance of many hundred feet, evidently on account of the great permeability of 
the rock ^ to solutions. Thus, at Morenci, practically the whole vein system is 
encased in rocks, which now, whenever untouched b^' clialcocitization or direct 
oxidation, consist of pyrite, soricite. and quartz, with minor quantities of chal- 
<;opyrite and zinc blende. At Metcalf a large part of the porphyry shown on 
the^ special map is similarly altered. Detailed studies of these processes may be 
found in Chapter IV. 

In the contact-metamorphic sedimentary rocks, which were evidently much 
more impervious to solutions, the limestone is converted- into tremolite or diop- 
side, with pyrite, zinc blende, and some magnetite: more rarely the process takes 
a similar course, as in porphyry, and fields sericite with hydrated magnesian 
silicates. But the intense alteration is confined to the immediate vicinity of the 
vein. 

PYRITIC ZONE. 

This part, representing the veins as they were before oxidizing processe^s 
had transformed them in manifold sliape, is well exposed in the deeper levels of 
the Ryerson, Montezuma, and Jqv mines. In the Joy mine it begins about 300 
feet from the surface and is well exposed by the third and fourth levels. In 
the Montezuma west vein the pyrite appears 250 feet l^elow the surface: but in 
the east vein at less than 150 feet. In the Ryei'son mine the average depth 
at which this zone begins is 40o feet (fig. 16). In a few places, especially below 
the sunmiit of Copper Mountain, it has not yet been reached at 000 feet (fig. 17). 
In the Arizona Central mine it has not yet been found at 300 feet l)elow the 
surface (fig. IS). 

The copper values of this pyritic ore are usually low — ordinarily, in fact, 
below 1 per cent. But the explorations of this zone have not thus far been 
extensive enough to warrant the statement that no commercially important )x)dies 
will be found. It has been suggested that another oxidized zone may be found 
below the pyriti« or^s, but this seems ^at least very unlikely. The zones of 
pyrftic and sericitized porphyry surrounding the veins proper are likewise poor 
and contain as a rule only traces of copf^er. The metal seems to occur chiefly, 
if not wholly, in finely distributed chalcopvrite. The zinc blende is sulx)rdinate 
and thus far has not been found in commercially important quantities; the same 
applies to molybdenite. 

The pyrite ocx^urs in bodies up to 40 feet wide; in the Joy mine it is extracted 
to supph' the sulphuric-acid plant at Clifton with raw material. 
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At the Mtetcalf mines few lodes of noteworthy size have been found, but on 
the Wilson level, about 250 feet below the top of the hill, the v^einlets and seams 
contain almost only pyritic material. In the King and Jameson veins, each having 
attained about 260 feet below the surface, the pyritic zone has not ye?t been 
encountered. The Copper King mine, on the mountain of the same name, in 
1902 showed chalcocite ore 300 feet below- the surface, but has since been deep- 
ened to 800 feet, and I am informed that some payable pyritic oi*e has been 
found in the lower levels. 'At this and other mines oxidation is often apparent 
. immediately along the fissure planes, while the mass of the vein is still entirely 
unaffected b}^ it. 

* The veins usually show a distinct foot wall, while the hanging wall is often less 
well defined. It is characteristic that pyrite predominates in the veins, and forms 
a sheet varying in thickness from a mere seam to 40 feet. It is massive and 
granular, but wherever quartz gangue is present a tendency to crystallization i.^ 
shown by the pyrite. Chalcopyrite has not been found in crystallized form, and 
it is very seldom that zinc blende thus occurs. In the Fairplay vein on Copper 
Mountain, and in the small Hudson vein (Arizona Central) pyrite occurs in ill- 
detined crystals with prevailing octahedrons. In the altered porphyry, on the 
other hand, cubes prevail. Quartz, with some sericite, constitutes the onl}' ganguo 
mineral. The quartz occurs very sparingly and is rai'ely well crystallized. Sericite 
often separates the pyrite grains. The appearance of the ore and the structure of 
the vein point to replacement as the principal mode of formation. In most cases 
the massive pyrite seems to have been country rock, in which pyritization has 
Vieen carried on to it5 extreme result, leaving only some quartz and sericite to 
represent the original character (Pis. XII, ^1, and XIV). 

Lastly, mention should be made of an exceptional vein which cuts across the 
Lone Star Tunnel at Morenci. It is only 8 inches wide at most, but consists of a 
gangue of drus}', well-crystallized quartz, intergrown with blende, pyrite, and 
chalcopyrite, the first two minerals in part crystallized. It bears distinctly the 
marks of a filled open space along a fissure, itiid thus differs decidedh' from the 
others. The Hudson, a narrow vein in the Arizona Centml mine, is somewhat 
similar to this type. 

CHALCOCITE ZONE. 

Genei'dl charactei* and extent, —In tlie chalcocite zone, commercially the most 
important of the three, that mineral has largeh, but rarely wholly, replaced the 
pyrite, both in the massive veins and in the zones of^ pyriti^tion and sericitization 
surrounding them. It is generally sharply separated from the pyritic zone, the 
transition from payable ore to low-grade pyrite taking place within 10 or 20 feet. 
This was repeatedly observed in the Joy, Montezuma, and Ryerson mines. The 
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chalcocite zone is alway.s richest in its upper part and gradually grows more 
pyritic until the sudden transition just mentioned takes place. Below this level 
evidence of chalcocitization can be found only along the fissure planes. The 
massive pyrite veins are transformed into pure chalcocite or more commonly into 
a mixture of chalcocite and pyrite, while the zinc blende is eliminated by conver- 
sion to soluble sulphate. This forms high-grade ore, with over 5 per cent in 
copper, and sometimes up to 5o per cent, while the p3'ritized porphyry turns into 
l()W-gi*ade ores with from 2 per cent to 5 per cent of copper. To these large low- 
grade bodies the recent great development of the industry is due. 

In some mines the chalcocite ore l)egins almost from the surface; as, for 
instance, at the Copper King and Jameson veins, and in the insignificant bodies 
found near the bottom of Chase Creek Qmyon. But at Morenci the depth from 
the surface is rarelv less than 200 feet. 

The depth on the vein attained l)V the chalcocite zone from the beginning of 
direct oxidation to the upper limit of the pyritic zone varies greatly; it is some- 
times less than 100 feet, as in the Joy and Montezuma veins (figs. 10 and 11), 
while under Copper Mountain the average would l)e somewhat over 200 feet, 
though directly below the sunmiit it is 300 feet, and the bottom in some places 
has not yet been reached at that depth (figs. 7, 8, 14, and 17). In general, the 
upper limit would be represented by a curved surface somewhat less convex than 
the contour of the mountain. The lower limit is not so regular, but seems on 
the whole to be flatter, while great irregularities may sometimes exist (fig. 16), 
no doubt due to exceptional conditions of circulation of surface waters. In 
the Arizona Central mine partial oxidation has penetrated the chalcocite zone 
to a depth of 300 feet below the surface, probably owing to its situation under- 
neiith a wide gulch. At the Metcalf mines the zone is small and not distinct, the 
chalcocite being greatly mixed with cuprite. In the Metcalf King mine it has 
not 3'et been reached at a depth of 200 feet. 

Ore bodied of the chalcocite zone. — In the Copper Mountain mines the veins, 
of which the Wellington, Ky^erson, Humboldt, and West Yankie are the most 
important, cut across both porph^^ry and metamorphic limestone (PI. XVIII 
and fig. 12). The great ore bodies are almost exclusively confined to the 
porphyry, and when a vein carrying chalcocite enters the sedimentary masses 
sometimes included in the porphyry, it ordinarily becomes narrow, poor, or 
barren (fig. 14). The veins themselves are rarely over a few feet wide, more 
commonly 12 or 18 inches, and consist of a massive streak of sooty chalcocite 
ore of great richness. Following this seam are sometimes very large masses of 
low-grade ore — usually soft whitish porphyry, containing disseminated grains and 
little seams, running in all directions, of chalcocite and pyrite. The stopes of 
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low-grade ore ordinarily range from a few feet up to 50 or more in width; many 
are 200 feet long and have been stoped for that vertical distance. The great 
body of concentrating ore between the two Humboldt walls, which dip toward 
each other, is about 300 feet long up to 200 feet wide, and has been stoped for 
a vertical distance of nearly 200 feet (fig. 14). 

The Humboldt foot wall (PI. XVHI) continues extremely w^ell defined from 
the Ryerson mine into the Arizona Copper Company's properties, where it 
crosses the Wellington vein; here again very large ore bodies, in some cases up 
to 200 feet wide, are found which have been stoped over a vertical distance of 
3(W) feet (fig. 17). 

These bodies usually continue throughout the depth of the chalcocite zone, 
provided no bodies of metamorphic shale or limestone are encountered, in which 
case they immediateh^ become impoverished. 

While the Fairplay veins, which are entirely contained in porphyry, are not 
quite so large and the rock is apt to be hard and siliceous, 4 large stopes are 
opened on thoiu at present, the most extensive l)eing 100 feet long, 35 feet wide, 
and at present (1903) 160 feet high. 

Some masses of low-grade ore in porphyry are less directly connected with 
separate and distinct fissures, as, for instance, the Eagle stope in the Humboldt 
mine and the stopes in the Yavapai mine. In the latter the ores seem to follow 
two porphyr}' dikes from 10 to 100 feet wide, which, previous to chalcocitization, 
were already converted into sericite, quartz, and p^^rite, and thus offered a 
congenial place for circulation of copper solutions (fig. 15). Here again the 
adjoining limestone, though containing disseminated chalcopyrite, proved largely 
impermeable to oxidizing solutions. These stopes in the Yavapai are considered 
to belong to the West Yankie lode and form in fact a sheeted zone with many 
pyritic seams parallel to the walls of the dike. Ore-bearing dikes of the same 
kind occur in the Shannon mine at Metcalf (PL XXV). 

In the Arizona Central mine the Williams vein generally' follows a porphyry 
dike of very varying width; most of the ore is contained in it. Farther w^est it 
strikes into the larger porphyry masses and the ore bodies widen correspond- 
ingly. In the Montezuma vein the chalcocite zone is less developed; most of it 
seems to have been oxidized. But here too the vein partly followed a dike of 
porph^-ry, and the mixture of cuprite and chalcocite which formed the ore was 
best and largest wherever the porphyry widened out (PI. XVIII and fig. 18). 

In the Elast Yankie mine a great east- west fault is encountered, along which 
occur more or less extensive masses of Coronado quartzite, usually embedded 
in porphyry (fig. 9 and PI. XVIII). The quartzite is here of a peculiarly 
loose and crumbling nature, often diiScult to distinguish from the altered jx)r- 
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phyry. It contains pyrite and sericit^ as products of ettrly alteration, and is 
thus equally well adapted as the porph3'ry for the precipitation of chalcocite. 
Ver}' largo, irregular ))odies of low-grade ore have recently been found in this 
vicinit}'. All along this fault line the quartzite is pyritized and serieitized; in 
the bottom of Chase Creek a tunnel has been opened on it in quest of material 
for converter lining; at this j)lace where no chalcocite has been deposited it 
contains a>)out one-half per cent of copper, probably as chalcopyrite. Masses of 
low-grade ore, compamble to those at Morenci, occur at Metcalf, but here the 
sulphides are mostly converted to oxysalts. 

The ore shoots of the Morenci veins are thus materially different from those 
usually found in gold and silver veins. Their greatest extension is horizontal 
rather than vertical, and their size depends more on conditions of circulation of 
surface waters than upon original distribution of copj^r in the primary veins. 
Prospecting must mther proceed lateralh', guided by favorable indications, than 
seek extreme depth. 

Relation of chalr^mte zone to water UveL — In the published descriptions of 
chalcocite ores from other districts this secondary sulphide is always said to 
develop at or just below the water level. This clearly does not apply to the 
district here discussed, for in none of the mines has the water level thus far been 
reached. Nearly- all of the mines are, in fact, entirely Av}\ both in the chalcocite 
zone and in the pyritic zone. 

Chalcocite perhaps forms at the present time in the upper levels of the belt 
occupied by this mineral where copper-sulphate solutions from oxidizing chalcocite 
al)Ove are abundant and free oxygen absent, but I doubt very much that it is 
actively forming in the lower levels of the zone. Direct oxidation has, in fact, 
already penetrated to the deepest levels attained in th^ pyritic zone; at present 
it works here chiefly along fissures and seams, but is probably slowly spreading. 

1 regard the chalcocite zone as formed about an ancient water level, much 
liigher than the present. During the epoch of the (lila conglomerate the water 
level was surely at least several hundred feet higher than it now is, and it was 
probably still higher during Tertiary time, in which a moist climate most likely 
prevailed. 

Relation of rhalrocite zone to present ftarface. — The paj-able deposits lie, as a 
rule, at a considerable elevation underneath the hills and ridges. No large 
deposits have thus far been opened on the lower slopes of Chase Creek Canyon 
or along its bottom. The Standard and Copper Queen and the Metcalf and 
Longfellow mines are all about 700 to 800 feet above the bottom of the creek. 
Only higher up along its course, near Garfield Gulch, a few minor deposits 
approach the level of the valle}'. In the canyon below Metcalf many veins have 
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been opened in the granite, but they show low vahies; chalcolite in many places 
is close to the surface, but the mineral shows ordinarily only as a slight coating 
on the pyrite. This topographical distribution is the more remarkable when it 
is recalled that the erosion of Chase Creek Canyon probably antedates the Gila 
conglomerate, and that, therefore, oxidation would apparently have had a long 
time in which to act. It contirms the results reached above as to the great age 
of the chalcocite zone, and emphasizes the slow i"ate at which oxidation has 
proceeded. 

SURFACE ZONE. 

The veins rarely show typical gossan or iron cap with an abundance of 
limonite and rich, oxidized ores. Their croppings are either entireh^ barren or 
contain only a moderate amount of copper, but much richer ore is ordinarily 
found just above the chalcocite zone. A brief review will indicate the conditions 
prevailing in different veins. 

At Metcalf (PI. XIX) the wide and strong King lode carries malachite, 
brochantite, and chr3'socolla in very siliceous gangue from the croppings to a 
depth of 200 feet. The ore is of medium or low grade. No chalcocite has thus 
far been met; In the Jameson vein, lower down on the slope toward King 
Gulch, the zone of oxidized ores is shallow and chalcocite was found a short distance 
below the surface. In the stockwork of seams in the Metcalf mines (PI. XXII), 
situated on a high and narrow ridge between Chase Creek and King Gulch, the 
upper 30 or 40 feet are poor or barren, consisting of siliceous and sericitic 
porphyry; l>elow this is a great mass of low-grade ore with malachite, chrjsocolla, 
brochantite, cuprite, native copper, and in places a little chalcocite. At a distance 
of 170 feet below the surface cuprite and chalcocite prevail, while a short distance 
below this the pyritic zone seems to have been reached. 

In the sericitized porphyry dikes of the Shannon mine the oxidized ores 
sometimes reach the surface, but more conunonly the surface is poor and the 
chalcocite begins some 50 feet below it. 

At the Copper King mine, on the mountain of the same name, carbonate 
ores were found at the surface and descended in places to a depth of 200 feet. 
Chalcocite was found only near the surface, where the rock was exceptionall}" 
hard. Somewhat below the 300-foot level chalcocite is reported to be replaced by 
pyritic ore. 

At Morenci the Jov and Montezuma veins in limestone and shale show Imrren 
and ill-defined croppings. About 100 feet below the croppings cuprite and mala- 
chite appear, and at a depth of 200 to 250 feet the richest bodies of chalcocite, 
partly oxidized to cuprite, are found (figs. 10 and U). In the Arizona Central and 
Williams veins the croppings containe<l malachite and azurite, forming payable ore. 
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Lower down chaloocite appeared, but it is partly oxidized down to the greatest 
depth attained, SiX) feet, and there is no sharply defined line between the two zones 
(tig. 18). 

The Fairplay vein also contained some payable oxidized ore near the surface, 
but at a depth of 1<m> feet changed into chalcocite. Croppings of poor chrysocolla 
ore mark the north-south vein at the Liverpool tunnel on the north side of Copper 
Mountain, and these, 180 feet lower, are replaced by a vein of massive chalcocite 1 
or 2 feet wide. 

The Copper Mountain system, consisting of the Wellington, Ryerson, Hum- 
lx)ldt, and West Yankie vein.^i, have barren and almost unrecognizable croppings in 
porphyry, but develop copi:H»r carl>onate where cutting through limestone. The 
sui'face croppings show very small amounts of limonite and the pyrite is wholly 
oxidized. A short distance below the surface, however, pyrite appears, seamed and 
surrounded by rusty limonite and efflorescences. Veinlets of blue copi)er sulphate 
are very common. At a depth from the surface of 100 to 20o feet (the latter below 
the summit of Copper Mountain) chalcocite l>egins to appear and the limonite ceases 
altogether. 

The chalcocite seems to be almost wholly transformed to soluble sulphate, as 
does also the pyrite. There is practically no payable ore containing malachite, 
chrysocolla, brochantite. etc. 

From the preceding it seems clear that the surface zone is not due to direct 
oxidation of the primary vein, but rather entirely to the oxidation of the chalcocite 
zone. This confirms results reached elsewhere as to the great age and gradiml 
erosion of the latter zone. • 

RELATION OF VEINS TO FAULllNG. 

The great faults of Morenci are certainly of more recent origin than the 
veins, for thev disloi'ate them in manv instances: but it is not easv to determine 
the lateml or vertical throw from the position of the veins, on account of the 
difficulty of identifj'ing the several seams and slips. In the Copper Mountain, 
Huml>okIt, and Arizona Cerltral. mines the faults cut across the chalcocite zone, 
but their relation to the p3 rite zone can not be seen. In seveml places rich 
disseminat(Hl chalcocite ore is separated by the fault from Imrren poiphj'ry, which 
bears clear evidence of surface leaching. In the Copper Nlountain mine on the 
main-adit level this occurs in the Arizona Central vein, and the leached part is 
on the eastern or downthrown side of the Copper Mountain fault, as would have 
been the case if the faulting were later than the formation of the chalcocite. 
But the evidence does not in this particular case show a greater deptii of the 
chalcocite ore on the eastern «ide, as would be expected. In the Humboldt mine 



RELATION OF VEINS TO FAULTING. 209 

(fig. 17) brecciated zones are encountered, which are parallel and in all proba- 
bility contemporaneous with the great faults, and these inclose fragments of 
chalcocite ore, showing that they succeeded the chalcocitization. On the whole, 
the evidence is fairly conclusive that the faulting took place after part at least 
of the chalcocite had been formed; the latter process may have and probably 
did continue after the faulting, and the decisive evidence which the chalcocite 
zone might have given in regard to such a movement would thereby have been 
blotted out. Without expressing too positive an opinion it may be pointed out 
that east of the Copper Mountain fault, the vertical throw of which is about 
200 feet, chalcocite ore is found on a much lower level than it has been shown 
to occupy on the west side. 

There seems to be no reason to divide the faulting movement into two or 
several epochs. As, moreover, the faulting antedates the great volc^anic flows, 
and must be of rather early Tertiary age, there is great probability that the 
oxidation of the veins had begun already at that date and at least a considerable 
part of the chalcocite zone had been formed. 

On pagoi09 the conclusion has been reached that the oxidation of the' contact - 
metamorphosed limestone had not begun at the time when the Copper Mountain 
fault was broken open. These two conclusions are not necessarily contradictory, 
for the veins would be much more easiiv accessible to surface waters than the 
hard altered rocks could be. 

None of the veins connected with porphyry follow the great faults, but 
instead occupy an independent and older S3'stem of fissures. But as the faults 
furnished eas\' paths for circulating and oxidizing solutions, it is not surprising 
that bunches of oxidized ore are found in places on these fault pianos. The ore 
in this case is usually cuprite. Thus smaller masses of oxidized ore have been 
found at several places along the Copper Mountain fault, as, for instance, at a 
depth of over 300 feet, and at several places. above, in the Manganese Blue and 
Copper Mountain mines. On the Apache fault cuprite ore is found where it 
crosses the Lone Star tunnel and has been stoped above this level. In the 
Longfellow mine bunches of cuprite ore occurred on the minor fault, which here 
dislocates the strata. In the East Yankie disseminated chalcQcite ores have 
recently been found accompanying the great quartzite fault. 

VEINS CONNECTED WITH DIABASE. 

These are but few in number and the opportunity for their study has not 
been so good as in the case of the other deposits. Among the smaller veins 
near Garfield Gulch, the Garfield, Trinidad, and Brunswick are mentioned in 
the chapters of detailed descriptions. The Brunswick is a small vein in granite, 
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:fMyy»i«;/ a narrow dial)am; dike, imt htis shipped a considerable amount of ore. 
Av>*.«r tUir lowi-r ttuint*!, wliirh is situated hut little higher than the bottom of 
^?.jk^' ('n**'k, i\ut <in» consists of about 25 per cent chalcocite and 75 per cent 
*/>.Wi/A'A ffiatifriHJ, nuiinly malachite. A winze, l)elow tunnel level, is said to 
ijA.i- t'%\HfM't\ g(KKl <'iialcocite ore, intergrown with p\Tite. 

'1 b^t u\i}nX. iin|H)rtant dciM)sit of this class is the C-oronado lode, which follows 
^h Uu\t»ivUit\\. fault fissure, with the probal)le vertical throw of 1,200 feet, between 
^lnHi'tyAU* mid granite. A diabase dike follows this fissure in places and show\s a 
wjijib varying from a f4»w f(M»t up to 70 feet. The disturbed zone of the fault 
i*r liffiiajly widi*, often renching 00 feet. At the Horse Shoe shaft the lode is 
fully Z^Hi fi'irt wide, consisting of altered granite and contact breccia (fig. 19). 
fi ift iviu'i*ii\ih* for nearly 2 miles from the east side of the ridge down to the 
I'AnfU* ('n*ifk foothills, where it disappears underneath the basalt. 

'Hn*. ores of the C'^>ronado mine do not occur as filling in open fissures. A 
.si'ri<'ili<' alteration a<u*ompanied by quartz cementation has taken place in the 
fri'-iion bn^cria, dialmse, and cnished material along this great fault; malachite 
and chrybocolla, the latter especially abundant, occur in this as seams, usually 
n'plaf'ing tln^ rock, associated with quartz and kaolin as the last product of 
oxidizing a<*tion. In the main workings this oxidized ore is underlain by chal- 
rix'itc ore of se<*<)ndary origin, which occupies a vertical distance of 200 or 300 
f<*<'t. the upper limit being about 300 feet i)elow the surface. In places, 
however, the chalctMMte reached the surface.' Below this, pyritic ores will 
prolmbly prevail, though along a fissure of this size it would not be surprising 
to find that the (*halcocite in some places had descended still farther. Thorough 
cxjiloration in the last two years has proved chalcocite ore bodies of promising 
ext(*nt on the deepest level underneath the western slope and about 500 feet 
l>4dow the top of the ridge. ' 

In ores and character of mineralization the Coronado lode is thus very 
himilar to the veins connected with porphyry, but the fact of its occupying one 
of the fault fissures, which elsewhere are later than the mineral veins, points to 
a more re<*ent vein-forming period, most likely genetically connected with the 
intrusion of the diabase dikes. 

OTHER VEINS. 

Finally mention should be made of a number of deposits which differ more 
or U»sH from the types already described. Among these is the Mammoth vein in 
(iarfield Oulch, situated on a contact fissure between limestone and porphyry and 
carrying chrysocolla only in kaolin gangue. No sulphides have been found. No 
ore is Reported to have been found below tunnel level, and it is possible that no 
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primary vein ever existed here, but that the chrN'soeolla has been formed ]>y 
descending copper solutions migrating from elsewhere during the epoch of oxidation 
and precipitated by adsorption of the kaolin. 

The Black lode on Markeen and Copper King mountains is another peculiar 
t\'pe of fissure vein which for 2 miles follows dikes of granite porphyry and 
diabase, evidentl}^ occupying the same dike fissure. The ore is low grade and 
has not thus far l>een found to be payable; it consists of pyrite, chalcopyrite, 
epidote, and magnetite, a most unusual combination in a fissure vein. Little 
opportunity was aflforded for its study. Native copper appears near the surface, 
but so do also the minerals mentioned atove. 

AURIFEROUS VEINS. 

Gold and silver are practicalh' absent in the Morenci ores. The bessemcr 
copper, in which these metals would naturally appear greatlv concentrated, con- 
tains only a few ounces of silver and a small fraction of an ounce of gold per 
ton, not enough to pay for separation. A number of samples of pyrite ores and 
chalcocite ores from veins at Morenci as well as contact-metamorphic sulphide 
ores from the same place were assayed for gold and silver. Traces of both were 
uniformly found, but in only one case was there obtained a weighable amount of 
gold (80 cents per ton). No concentration of gold or silver has taken place during 
chalcocitization or oxidation. The Metcalf ores are reported to contain slightly 
more gold than those at Morenci, and in the outl3'ing districts deposits of the 
same general character and age contain less copper and more gold. 

Among these are first to be mentioned the Gold Gulch veins, which have 
been worked intermittently and on a small scale for many years. Little opportunity 
was afforded for their study; they form generally narrow and irregular oxidtzed 
veins which probably belong to the same age as the veins of Morenci. In th^ 
oxidized ore the gold is free and the surface ores have been worked in many 
old arrastres. Lower down, if the veins remain payable, the gold will probably 
not be free. 

Several minor ore deposits of a character very different from those at the 
principal mines occur on the limestone ridge extending southeasterly between 
Chase Creek and Morenci Canyon. Many of these small prospects are irregular 
bunches, apparently replacements in limestone containing comb quartz, limonite, 
calcite, galena, lead carbonates, a little copper, and native gold. On the trail 
along the Chase Creek slope from Longfellow incline to the Hormeyer mine, 
about halfwa}' between these two points, the Cambrian (luartzite is faulted by a 
fissure plane striking northwesterly, and the northeastern block has dropped 
about 150 feet. A sill of porphyry overlies the quartzite, separating it froqj the 
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limestone. Pro>pect- liave Imh-h ofjf-n^l alon^ thu» faah ^lOCh at the horizoo of 
the ix>i*])hyry and Jk*1ow it. The ore i-» ni-»ty and decr>niprp«^, ^bowing ?ofDe 
partly deconi|>oM»d [>yrite. 

The Honnever mine \> the mo>t imp«>rtant of these dejK>sit'». It is located 
in the limestone overlyinjr the quartzite 1 mil*- Ha>t-^>uthea.^ from the Detroit 
Copper Com[)any\s store at Morenei. It ha.** Jieen worked at intervals during the 
last few years, and the developments con^i^t chiefly of two levet or tonneLs. 
The total product is l>elieved to have ^leen ^».»"»». rhiefly in gold. The «-rop- 
pings are situated at an elevation of 4,76<» feet, the top of the Coronado qnartzite 
appearing 100 feet l>eIow, on the Cha>e Creek .'^lope. The depos»it t a fcs«ure 
vein following a porphyry dike, thi.'* dike lieing an off-^hriot from the oiain sill 
of porphyry which so persistently follows the contact of quartzite and limestone 
in this vicinity. The strike of the vein is northea.'^terly. The croppings consist 
of cellular quartz stained yellow hy lead oxide. The ore c*ontain.^ a little copper, 
a great amount of lead carl>onate. and native gold. The lowest tunnel, located 
at an elevation of 4.5iH> feet, is run along a porphyry- dike 6 feet wide, which 
probably is a continuation of the one noted at the upper tunnel. No ore has thus 
far })een found in the lower level. 

The ores of Copper King mine contain from $1 to $4 per ton in gold. 
Northeast of Copper Mountain the same vein system continues in granite, usually 
following porphyry dikes, but here carries les?» copper and considerably more 
gold. The croppings yield light gold in the pan, and, in tunnels o() to 1«X> feet 
l)clow, sulphide ore is found in many places, consisting of auriferous pyrite. 
chalcopyrite, zinc blende, and galena. The value of these veins is as yet prob- 
lematical. 

Ca>LI>-BEARIX<; GUAVELH. 

The gravels h'ing in front of the hills of older rocks at Morenci and Clifton 
are auriferous in places. Placers of some value were worked in Gold Gulch, 
but are now exliausted. An unsuc<*essful attempt was made some years ago to 
mine, hy the hydraulic method, the bench gravels of San Francisco River, which 
doubtless derived their gold from the veins northeast of Copper Mountain. The 
(fila conglomerate south of Morenci contains a little tine gold, which is concen- 
tmtcd in shallow gullies. Payable placers have not \yeen found. 

CONDITIOX8 OF GROUXD WATER. 

Permanent water has not thus far been encountered in any of the mines in 
the whole district with which this report deals. 

Morenci is situated on hills from 8<X> to 1,500 feet above the principal 
streams — Chase Creek and Eagle Creek— and the deepest workings in no place 
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reach farther than 600 feet below the surface. A little seepage from the sur- 
face takes place in ease of heavy rains or from the local water supply, and 
some drifts and crosscuts underneath the town are somewhat damp, especially 
in the Manganese Blue and Arizona Central mines. 

The mines at Metcalf are situated on the high Shannon Mountain from 500 
to 1,200 feet above Chase Creek, and here, too, the workings are dry, except in 
one place in the Shirley tunnel (p. 318), where a winze struck some standing 
water. The few shafts and prospects sunk in the bottom of Chase Creek are 
the only places containing permanent water. The Copper King mine, situated a 
few hundred feet below the summit of the mountain of the same name, has a 
shaft 600 feet deep. In this some crevices with water were found, but soon 
drained out and no more has come in. 

The present stand of the water level, except along the creeks, is practically 
unknown. It will probably rise as a slightly curved surface from the creek 
levels in toward the high hills. The total amount of water stored below this 
water level is probabl}' small. 

DEPTH OF OXIDIZED ZOXE. 

The presence of products of direct or indirect oxidation shows the depth to 
which the oxidizing waters or the sulphate solutions have penetrated. In dis- 
cussing this subject it is necessary to separate the porph3^r3' and the metamor- 
phosed limestones, as they act ver}^ differently. In that part of Copper Mountain 
which has been explored, the average depth of the lower limit of the chalcocite 
zone is 400 feet, but it increases in places to 500 or even 600 feet. To this 
depth from the surface the oxidizing solutions descended, and along important 
fissures they have gone somewhat deeper. But the solutions not only followed 
fissures but penetrated the porous sericitized porphyry with considerable ease. 
On the other hand the altered limestones and shales are very compact, non- 
porous, and impervious. Where circulation was facilitated b3^ fissures, hs in the 
Manganese Blue and J03' mines, the rocks may be partly oxidized to a depth 
of 400 feet, but this is generally a maximum. There is no well-defined plane 
expressing the depth of oxidation, which on the contrary proceeds extremely 
capriciously, entirely fresh sulphides being frequenth' found very close to the 
surface. 

FliUID INCLUSIONS. 

Fluid inclusions have been observed in the quartz grains of the granite, the 
quartzite, the porphyry, and the vein quartz occurring in this district. There is 
nothing uncommon in this; it is indeed the ordinary condition of affairs. As 
these fluid inclusions beyond doubt contain aqueous solutions, it may be regarded 
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as certain that such fluids were present when the quartz grains in question were 
formed. Attention may be called, however, to certain phenomena in these 
inclusions which have not been described previously, and which are believed to 
be of more frequent occurrence than has l>cen suspected. 

INCLUSIONS IN GRANITE. 

Inclusions filled with a fluid and a bubble of some gas occur abundantly in 
the quartz grains of all of the granites examined. They are rare, though not 
unknown, in the feldspars. The form is round or elliptical, or ma}" be that of 
a negative quartz cr>\stal with prism arid pyramid. The size averages about 
0.02 mm. The relation of volume between fluid and bubble varies considerably 
among inclusions in the sjime grain. In the smaller inclusions the bubble fre- 
quently is in active motion. Heated to 40 or 50^ C. there is no perceptible 
change in volume of liquid or bubble, and conseijuently it may be considered 
certain that the fluid is not liquid carbon dioxide, which has sometimes been 
observed in the granites, but chiefl\' water. In some, but by no means all, of 
the inclusions there is also a solid body contained in the fluid; in some cases 
this is a transparent cube, in othei*s and more commonl}' it is an irregular grain 
or a rod of similar material. This also has occasionally l)een observed and 
described in granites from other district^. 

INCLUSIONS IN QUARTZITE. 

The grains of the Coronado quartzites being derived from the pre-Cambrian 
granites, it is only natural that similar inclusions should be found in them. The 
grains in the quartzite from tke East Yankie mine at Morenci show them beau- 
tifully, many containing grains or imperfect cubes of a transparent material. 
Entirely similar inclusions are contained in the quartzite from the foot of the 
Longfellow incline. Though this quartzite carries secondary pyrite, it is very 
evident that the inclusions have nothing to do with this later introduction. 

INCLUSIONS IN METAMORPHIC LIMESTONES. 

The metamorphism of the limestone to garnet, epidote, diopside, quartz, and 
other minerals took place under conditions of high temperature and pi'essure, and 
almost certainly in the presence of aqueous solutions in fluid or gaseous form. It is 
a curious fact that these minerals only very exceptionally contain fluid inclusions. 
The quartz grains formed seem entirely homogeneous and free f i*om these interposi- 
tions. Only one or two very small inclusions with moving bubble were noted. The 
same applies to the garnet and other heavy minerals. The calcite would hardly be 
expected to preserve any such inclusions on account of it« perfect cleavage. 
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INCLUSIONS IN PORPHYRY. 

The inclusions in the porph3'rv are again practically confined to the (juartz 
grains contained in it. They occur chiefly in the phenocrysts, but also in the 
quartz of the groundmass, where they are usualh' ver}- small. Naturally the 
diorite-porphyries are poor in inclusions, but they appear abundlantly in the 
granite-porphyries and the quartz-monzonite-porphyries, with which the ore 
deposits are chiefly connected. They are found throughout the Metcalf granite- 
porphyry, which is characterized by large bipyramidal quartz phenocrysts, and 
they are almost equally common in the smaller quaitz crystals of the Copper 
Mountain porphyry of Morenci. The sericitization of the porphyry affects them 
but little, for the quartz grains of the porphyries are very rarely altered hy 
this process. In specimens taken from the oxidized zone near the surface many 
of the inclusions are empty, probably due to the cracking of the grains and 
attending expulsion of the highly compressed fluid. 

The peculiar feature of these fluid inclusions is that they contain as a rule, 
besides the gas bubble, an extremely sharply defined cube of transparent 
material and a smaller opaque particle. The very frequent recurrence of this 
association is a proof that these bodies are not accidental inclusions, but were 
present, dissolved in the fluid, at the time the quartz crystallized and imprisoned 
the drop of solution. 

The inclusions are elliptical, irregularly rounded, or show the form of their 
host — that is, a hexagonal p\'ramid with short prism. Their size ranges from 
those barely visible up to 0.02 mm. in diameter; this is about the maximum. 
A frequently recurring size is 0.012 mm. Their distribution in the phenocrysts 
is irregular; they are not ranged along any given plane or surface. Moving 
bubbles are often noted in the smaller inclusions. Heating to 40^ and up to 80^ 
does not noticeably affect the relation of fluid cube and gas; they do not therefore 
consist of carbon dioxide, but of some aqueous solution. The proportion of 
volume between bubble and inclusion is not constant; man}^ of them contain 
large gas bubbles and others quite small ones. To some extent this may be 
explained by leaking, but comparison of a great number in very fresh rocks 
makes it certain that there is considerable variation in this proportion. The 
fluid is colorless. 

The cube of transparent salt is very sharply defined and well developed. In 
polarized light it appears isotropic. Its size varies but is usually of aljout the 
same volume as the bubble, and occupies from 4 per cent to 15 per cent of the 
volume of the inclusion. Such cubes have been sometimes observed before, 
especially in inclusions contained in quartz crystals, and in a few cases have been 
proved to consist of sodium chloride. They have also been noted in quartz 
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phenocrysts of certain Cornish gitinite-poi'phyries." In the present case the small 
size of the inclusions, and especiall}" the degree of alteration and oxidation to 
which most of the specimens have been subjected, render experimental deter- 
mination of the salt impracticable, at least with the material in hand at present. 
It ma}' be said, however, that in all probability the substance is sodium chloride. 
Several inclusions were measured to determine the degree of saturation when the 
substance was dissolved in the fluid, assuming that it is NaCI and that the liquid 
is a saturated solution of the same salt at ordinary temperature. Results indicate 
that this was ordinarily from 5 to 20 per cent above the amount contained in 
water under normal conditions. In one case it was found that the water must 
have contained 45 per cent salt. Most of the inclusions also contain a small 
opaque particle, generally measuring only a fraction of the volume of the bubble 
or the cube. It has no distinct form; occasionall}^ rod-shaped outlines may be 
observed, but oi;dinarily it is so small that it only appears as a black speck. One 
unusually large particle seemed decidedly black in reflected light, while another 
inclusion, contained also in a Copper Mountain porphyr}^, seemed distinctly reddish 
in transmitted light. 

These inclusions are certainly a characteristic feature of the granite-porphy- 
ries of Morenci and Metcalf. They prove, I think conclusivel}', that the acidic 
porphyry magma was accompanied by notable quantities of aqueous solutions 
containing a large quantity of a salt which probably was NaCl, and also a smaller 
amount of some compound containing one or several of the heavy metals. From 
what follows it is extremel}' probable that this com|K)und was largely ferric 
oxide. It may well have contained copper also, although direct evidence of this 
can not be furnished. 

These observations gain in interest when we consider that the porphyry has 
caused a strong metamorphism of adjoining limestone, the principal feature of 
which is an acquisition of silica and iron, which in all probability^ were given 
off by the porphyry. It is now shown that the magma contained heavy metals 
in atjueous solution. Very likely these solutions also contained much silica, but 
it should be remembered that this material would most likely have been depos- 
ited upon the w^alls of the inclusion when the rock cooled, and in such a case 
it would naturally have the crystallographic oriQntation of the host, from which 
the new substance could not readily be distinguished. 

It is perhaps a significant fact that these inclusions are absent in the diorite- 
porphyries, which as a nile have no connection with the copper deposits. 

As to the quantitative importance of the inclusions, it may be estimated that 
in some specimens they make up a very perceptible percentage of the rock 
volume. 



aRosenbuscb, H., Mlkroskopiscbe Phygiographie, etc., 3d ed., Stutt^^rt. 1902, p. d9. 
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INCLUSIONS IN VEIN QUARTZ. 

The results of the examinations of the jmrphyries en(*ourajifed search in the 
vein quartz. In a greatly altered porphyr\' from the Butler and London 
tunnel at Morenci, the jjroundmass is silicified and contains irregular replacement 
veinlets of quartz. These were found to contain inclusions with cube and opaque 
}>ody entirely similar to those in the porphyritic quartz. In some c^.ses three 
small opaque masses were found in one inclusion. 

At Metc^alf the granite close to the porphyr\' is greatly shattered and cemented 
by veinlets of quartz with scattered and minute foils of specularite and occasionally 
some pyrite. The quartz of the granite has the usual fluid inclusions mentioned 
above. The cementing veinlets of granular quartz are full of remarkably beautiful 
and fairly large (up to 0.02 mm.) inclusions of the usual rounded or pyramidal- 
prismatic form. Most of these contain bubble, cube, and opaque body. The 
})ubble varies as usual in its relative size; the cube is sharply defined and of the 
size described under the inclusions in porphyr\'. In a few of the inclusions the 
dark lK)dv is unusuallv larije and has, a rounded flat fonu; thev are here trans- 
lucent with reddish color, and there can be little hesitation in identifying them 
as ferric oxide or s|)ecularite. In some inclusions small grains or crystals, beside 
the cube, are also found; also occasionally transparent matter adhering to the wall. 
All this shows that the same or very similar solutions that formed a part of the 
magma deposited quai*tz in the immediately surrounding rock or in the solidified 
porphyry itself. It is clear that these solutions must have been ver\^ hot and 
probably also under great pressure, since they held dissolved not only much 
larger quantities of salt than can be taken up by water at ordinary temperature, 
but also a substance that is probably ferric oxide, which is entirely insoluble 
under ordinary conditions. This directly connects the solutions contained in the 
magma with those that deposited quartz shortly after the intrusion, and shows 
that the general quartz cementation which closely followed the consolidation of 
the magma was probably not due to atmospheric waters, but to eruptive after- 
eflfects. 

The specimens described above are not taken from any one of the regular 
veins of the district, though it was not believed that the irregular seams per- 
meating the altered porphyry had a diflferent origin from the quartz in the 
normal fissure veins. From careful examination of this vein quartz, which 
occurs sparingly with much pyrite in the normal lodes cutting acToss porphyry 
and sediments at Morenci, it appears, however, that the two kinds of quartz 
filling are not characterized by exactly the same kind of inclusions. 

Specimens from the Montezuma vein from diflferent places showed typical 
coarsely crystalline vein quartz full of fluid inclusions, either irregularly 
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arranged or in places following certain planes in the grains. The qiiartz grains 
often show crystallographic outlines, and are occasionally speared by smaller 
quartz prisms. There are also a few large irregular grains of pyrite. Though 
some of the inclusions are irregular the majority have rounded outlines, more 
seldom bipyramidal. The size ranges up to 0.012 mm. The relation of bubble 
and cavity is not constant; many inclusions are empty, no doubt due to leaking, 
for the quartz is considerably crushed. No change is apparent upon heating the 
slide to 40 , and even to 80-. The inclusion almost always contains solid bodies. 
Cubes, so abundant in the porph3'ries, are of rare occurrence and seldoqi well 
developed. Most freciuent are transparent adhesions to the wall, rod-like masses, 
pyramidal crystals, or irregular grains. None seem to act on polarized light, 
possibly on account of their minute size. In most cases the inclusions also 
contain one or two minute opaque bodies, which can not be further determined. 
In a few inclusions the solid material is so abundant as to cause the bubble to 
assume a long-drawn form. 

Entirel}' similar inclusions are found in the quartz of the Humboldt vein, 
occurring as .branching veinlets in porphyr}'. 

The granite along Chase Creek, half a mile above the foot of the Longfellow 
incline, contains many quartz veins with pyrite, chalcocite, and molybdenite. 
The quartz contains fluid inclusions, though many of the cavities are empty. 
Most of the inclusions contain some solid material; a few of these are imperfect 
cubes; most common are transparent adhesions to the walls, while many also 
contain opaque bodies. 

These observations indicate that the quartz in the fissure veins was formed 
in the presence of aqueous solutions of probably' several salts. The cube^, so 
prominent in the inclusions of the quartz phenocryst in poi*phyry and in some 
of the veinlets occurring throughout the altered area in the same rock, appear 
to be less uniformh' present in the quartz of the regular fissure veins. The 
solutions depositing quartz nmst have been very hot, for they contained a much 
larger quantity of salts than can be dissolved at ordinary temperature. The 
opaque bodies indicate that heav}' metals in some combination were also present 
in the waters. 

The quartz veinlets connected with the processes of formation of chalcocite 
and of copper carbonates contain only few and small inclusions, in which thus 
far nothing but the fluid and the bubble have been observed. 

GEKESI8 OF THE COPPER DEPOSITS. 

Though the conclusions in regard to the origin of the copper deposits are 
either clearly stated or implied in preceding chapters, it may be advisable to 
again present these results in compact form. 
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It has been shown that the intrusions of stocks and dikes of granite-por- 
phyry and quartz-monzonite-porphyry, which took place in late Cretaceous or 
earl}' Tertiary time, produced an important contact metaraorphism in the Paleo- 
zoic shales and limestones that happened to adjoin them. This metamorphism 
resulted in metasomatic development of garnet, epidote, diopside, and other 
silicates, accompanied by pyrite, magnetite, chalcopyrite, and zinc blende. The 
sulphides are not later introductions, but contemporaneous with the other contact 
minerals. 

The contact zone received very substantial additions of oxides of iron, silica, 
sulphur, copper, and zinc, enough to form good-sized deposits of pure magnetite 
and low-grade deposits 6f chalcopyrite and zinc blende, all of which are entirely 
unknown in the sedimentar}^ series away from the porphyr}'. 

In view of the evidence, I consider it impossible that circulating atmospheric 
waters should have effected these changes. The occurrences of metamorphosed rocks 
are manifold and found under many varying conditions; there is only one common 
factor and that is the presence of the porphyry. It is shown that the porphyry 
magma contained much water which held dissolved various salts, among them 
some of the heavy metals. Sodic chloride and ferric oxide probably predominated. 
I believe that the magma contained all of the substances mentioned above, and 
that large quantities of this gaseous solution (for the critical tempemture must 
have been exceeded) dissolved in the magma were suddenly released by diminu- 
tion of pressure as the magma reached higher levels and forced through the 
adjoining sedimentary beds, the purest and most granular limestones suffering the 
most far-reaching alteration and receiving the greatest additions of substance. It 
is thus held that a direct transfer of material from cooling magma to adjacent 
sediments took place. The formation of garnet indicates large gains of ferric 
oxide and silica. If the magmatic waters carried iron only as ferric oxide some of 
it must have been reduced to magnetite during the metamorphism, for the latter 
mineral is much more common than the specularite. These contact-metamorphic 
deposits sometimes occur at the immediate contact of the main porphyry stock 
and the limestones. But more commonly they seem to be connected with dikes 
of the same porphyry close to the principal mass, these dikes being probably 
more highly charged with magmatic waters. 

It is shown that fissures and extensive shattering developed l>oth in porphyry 
and altered sediments after the congealing of the magma a:id that these fissures 
and seams were cemented by quartz, pyrite, chalcopyrite, and zinc blende, form- 
ing normal veins largeh' of the type of replacement veins. The amount of 
copper contained in these is usually small, though in places possibly large 
enough to form pay ore. The bulk of the veins consists of pyrite. Two classes 
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of veins may be distinguished. The usual type is practically always connected 
with the granite-porphyry or quartz-monzonite-porphyry; it occurs in these rocks 
or along dikes of the same. The smaller division consists of veins connected in 
their occurrence with diabase dikes. The genesis of the former type will first be 
discussed. 

As far as the metallic minerals are concerned, there is a striking similarity 
between the veins connected with porphyry and the contact-metamorphic deposits, 
the only difference being in the magnetite, which does not occur in the veins 
proper and only subordinateh- in certain of the altered wall rocks. A relation- 
ship is also clearly seen in the remarkable action of the vein solutions on the 
adjoining wall rock wherever this is limestone, tremolite and diopside being formed 
in it bv metasomatic action. On the whole, iron and silica are the main sub- 
stances added during contact metamorphism as well as during the vein formation. 

A study of the fluid inclusions in the vein quartz proves conclusively that the 
veins were formed in the presence of aqueous solutions and that these solutions 
were at a high temperature, for they contained various salts — in part those of heavy 
metals, probably iron, which were separated during the cooling of the crystal- 
lized quartz. This entirely eliminates the possibility of deposition by cold surface 
waters and points to two or three eventualities: Deposition by atmospheric waters 
heated by contact with the cooling porphyry, or deposition by ascending mag- 
matic waters, or, finally, deposition by a mixture of both. In any case the 
metals must be derived from the porphyry or from deep-seated sources below 
the porphyry, for, as stated above, the presence of porphyry is the only common 
factor in all occurrences. It is clear that a positive solution of these questions 
must be most diflScult, but here again the fluid inclusions offer the only direct 
evidence. In the quartz seams penetrating the granite near the porphyry conta<*t 
at Metcalf inclusions were found which are indistinguishable from those charac- 
teristic of the quartz phenocrysts in the porphyry, and it must be concluded that 
the same highly heated and highly charged solutions were active in both cases. 
This directly connects some of the quartz cementing fractures in porphyry with 
magmatic water and would appear to be evidence of considerable importance. 
The vein quartz of Morenci contains inclusions which, in some cases, are identical 
with those in the porphyry and in other cases slightly different from them, but 
always indicate highl}' heated solutions. The metasomatic action of the waters 
proves them to have been rich in silica and various salts, among which were 
some of the heavy metals, but entirely deficient in carbon dioxide. Considering 
this evidence, together with the similarity of the products of these processes with 
those of contact metamorphism, I think it certain that part of the mineral solu- 
tions were directly derived from and formed part of the porphyry magma, and 
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1 believe it is probable that they were entirely derived from this source. It 
seems likely that the fissuring, which took place after the cooling, opened vents 
of escape for magmatic waters imder heavy pressure at lower levels, and that 
they ascended on these tissures, depositing the heavy metals and the silica and 
acquiring at the same time carbon dioxide from the sediments which they 
traversed. 

As to the depth at which deposition took place no positive evidence is available 
on account of lack of data as to the extent of erosion. But from stratigraphic 
considerations it is not likely that the depth from the surface was more than 2,00^ 
or 3,000 feet. The cause of the deposition was no doubt decrease in tempera- 
ture, just as we wsee the deposits formed in the cooled fluid inclusions. I think 
it likely that in most cases the solutions were present as liquids, for, assuming 
that the waters communicated with the surface, neither pressure nor ten)pera- 
ture could have been high enough to reach the critical point. Probai)h' this 
does not matter much, for the properties of water appear to be very similar for 
some distance on both sides of this point. Copper, iron, and zinc are practi- 
cally the only important metals present in the main deposits close to the main 
porphyry stock; but it is interesting and suggestive to note that gold begins to 
appear in veins which are located some distance away from the central porphyry. 

The veins connected with diabase dikes are few in number and opportunity 
for their study has been limited. It seems, therefore, risky to express a defi- 
nite opinion on their genesis, except that the copper and iron sulphide were in 
all probability derived from the diabase itself, either by means of magmatic 
or heated atmospheric waters. 

The deposits thus far described are in general of low grade, onl}' rarely con- 
taining enough copper to be classed as economically important. Those in shale 
or limestone consisted of disseminated sulphides, in places irregularly concen- 
trated or accumulated along certain strata, according to the well-defined tendency 
of contact metamorphism. Those in porphyry consisted of heavy veins of pyrite 
and a small amount of other sulphides, surrounded by zones of dissemination of 
the same sulphides. 

It remained for the surface w^aters, as erosion gradually exposed the depos- 
its, to alter and enrich them in manifold forms. 

From evidence presented above, it must be concluded that some of the 
deposits, especially the fissure veins, were laid bare by erosion and attacked by 
surface waters at an early date, probably }>efore the principal faulting movement 
and certainly before the eruption of the Tertiary basalts and rhyolites. Oxida- 
tion has thus acted on them for a very long period. 

The irregular and tabular deposits of oxidized ore in limestone and shale 
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have been formed partly by direct oxidation of .sulphides and partly by the 
influence of sulphate solutions derived from the widely disseminated chalcopyrite 
due to contftct metamorphism; a great enrichment has taken place, due to decrease 
of volume and addition of copper from the circulating sulphate solutions. Some 
of the oxidized deposits in shale may, however, be wholly due to adsorption 
exiTted by the kaolin in the shale on these sulphate solutions. 

In the veins, especially in those which traverse the porphyr}^ stock or follow 
porphyry dikes, the history is more complicated. It has been shown that oxida- 
tion dates back to Tertiary time and that the water level then was considerably 
higher than it is at the present time. By the action of descending sulphate solu- 
tions on pyrite, chalcocite was deix)sited very extensively and ver}^ likely the great 
vertical extent of the chalcocite zone, ordinarily from 2()0 to 500 feet, is due to 
slow and gradual changes in the water level. Disintegration and erosion removed 
the iron cap (the products of direct oxidation of the primary vein) and began to 
oxidize the exposed chalcocite zone. In practicalh' all of the veins the surface 
zone of poor ore is due to the direct oxidation of chalcocite. The solutions from 
this part descend and add richness to the upper part of the remaining chalcocite 
zone. But at the present low stand of the water level and in the exceedingly dry 
climate the lower limit of the chalcocite zone is probably stationary. Considering 
that the surface zone has been formed b}' oxidation of chalcocite, the total depth 
of the chalcocite zone was about 100 feet greater than indicated above, and even 
this is a minimum, because a certain amount has l)een removed by erosion. 

The copper deposits of Clifton and Morenci are thus believed to have been 
formed primarily by mineral-laden magmatic waters, partly acting as gas and 
partly as liquids, and in both cases derived from a magma of granite-porphyry. 
These solutions were evidently directly released from the magma without a pre- 
liminary concentration in pegmatitic or aplitic dikes, which indeed do not occur 
in this district in association with the porphyry. It is perhaps superfluous to 
emphasize that these conclusions are meant to apply onl}- to this district, and 
that the mode of origin deduced for the Clifton-Morenci deposits is not neces- 
sarily that of all other ore bodies. 

The earlier processes of magmatic origin produced low-grade deposits of pyritic 
ores, and the final concentration to payable ore bodies has chiefly been effected 
b}' descending and oxidizing surface waters of atmospheric origin. 

The following scheme of genetic classification of the deposits is presented: 

I. First epoch: Formed during the consolidation of porph\ry by ascending and laterally moving 
water gas. 
(a) Contad-metamorphic deposits. — Irregular or tabular disseminations in shale or lime- 
stone, sometimes following stratification plants or dike contacts. The ores consist of 
pyrite, chalcoi)yrite, zinc blende, and magnetite, and are generally not payable. 
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II. Seooml ei)ooh: Formeci shortly after the consolidation of the porphyry by ascending hot mag- 
niatic waters; contained in porphyry, in granite, or in more or less oontact-metainor- 
phoseil seclimentarj' rocks. ^ 

(a) Fissure reins. — Lo<le systems or single veins. Central seams of pyrite, chalcopyrite, 
and zinc blende, accompanied in j>orphyry by wide zones of sericitization and 
pyritization, and generally not i>ayable. 

(b) Stochrerk's and irregular disseminations. — Same occurrence and character of mineraliza- 
tion; not payable. 

III. Third epoch: Fissure veins formed by ascending waters .«hortly after the intrusion of diat>ase. 

IV. Fourth ei>och: Formed by descending atmospheric waters acting on Classes I, II, and III. 

(a) Concentrations hj direct oxidation and secondary chalcocite disposition in Type I; payable. 

(b) Concentrations by direct o.ridathm and secondary chalcocite deposition in Type 11, a; payable. 

(c) Concentrations by direct o:adation and secondary chalcocite dep^/sition in Tyj)e II, b; payable. 

(d) Deposits caused by sulphate waters alony otherwise barren fault planes; occasionally 
payable. 

(e) Deftosits caused by sulphate waters idony shale f/eds; partly payable. 

FUTURE OF THE DISTRICT. 
f 

During past years the rich ores from the oxidized deposits in limestone 
and shale furnished the mainstay of the Clifton-Morenci copper district. At 
present the very large bodies of low-grade chalcocite ores, requiring concentra- 
tion, are those responsible for the rapid increase of production. The question 
as to the extent of these masses is clearly a vital one. Speaking broadly, very 
large reserves are available both at Morenci and Metcalf, so that the present 
production will doubtless be maintained for a number of years. But even the 
largest reserves diminish rapidly under exploitation on the scale prevailing in 
these districts and the problem of new reserves is bound to come to the front. 
As shown above, deep mining has not proved satisfactory, once the pyritic zone 
has been reached. Lateral exploration within the chalcocite zone is more to be 
recommended, and a vigorous policy to this effect has l>een adopted by the three 
largest companies. As shown on Copper Mountain, the outcrops may fail alto- 
gether to indicate the value of the ground underneath, arid with this in view 
development work is proceeding actively north and northea^st of Morenci. The 
quartzite fault and, on the whole, the countr}^ between Morenci and Metcalf, 
underneath the high porphyr}' hills, deserve more careful prospecting. In some 
places, as in the East Yankie mine, this policy has already borne fruit, and it is 
likely to prolong the life of the mines man}' years. Under present conditions 
and methods it does not seem likely that ores of much lower grade than the low- 
est now mined can be profitably worked, the present minimum being 2.5 percent 
of copper. 



CHAPTER VI. 

■ 

THE MINES OF MORENCI. 

TOPOCJRAPIIY. 

A si>ecial map (PI. XVII) ha.s been prepared on the scale of 1 to 12,000 for the 
pui*pose of showing in more detail the important features of the geology at the town 
of Morenci, where the principal mines of the district are located. The map shows a 
rectangular area nearly li miles from east to west and 1 mile from north to south. 
The topographical and geological discussion of the Morenci district can not conven- 
iently be limited to this small area, but must include some features of the surround- 
ing country south of a line drawn from Gold (xulch on the w^est to Concentrator 
Canyon, emptying into Chase Creek, on the east. This comprises the southern end 
of the mountain lands of pre Tertiary rocks }>etween Chase Creek and Eagle Creek. 
It forms a belt 5 miles wide, gradually tapering southward, and is bordered by the 
plateaus of the Gila conglomei*ate, here reaching elevations of about 4,500 feet. 

The central point of the region, topographically, is the high porphyry ridge 
immediately overlooking Morenci and attaining elevations of 5,500 feet. Toward 
the west and east its slopes descend to Gold (lulcli and Concenti'ator Canyon. South 
of this point the drainage is toward San Fnincisco River, in a southeast or south- 
southeast direction, and all of the gulches are more or less completely' detenuined by 
fault lines. From near Copper Mountain four divides ]>ranch out as long, mostly 
flat-topped ridges, with elevations of from 4,000 to 4,500 feet, dropping off toward 
the gravel plains of the (iila conglomerate rather suddenly at their terminations. 
Steep descents toward the east and more gradual slopes toward the west are the 
result^s of the dips of the fault blocks. 

The eastern limit of the area under discussion follows Chase Creek Canvon, 
an abrupt V-shaped trench sunk 1,000 to 1,400 feet }>elow the ridges at Morenci, 
its slopes in places broken bv almost perpendicular bluffs of Coronado quartzite 
or Ix)nirfellow limestone. 

The only important tributary is Concentrator Canyon, which joins Chase 
Creek a short distance alM)V(? the foot of the Longfellow incline. The south branch 
of this canyon, the lower part of which is excessively precipitous and the gmde 
broken by several abrupt falls, heads li miles westward in the high porphyry 
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ridges north of Copper Mountain, while the north branch continues for about the 
same distance northwesterly toward the Coronado quartzite ridge. In the upper 
parts of the branches the slopes are not excessively steep, though very rocky; a 
more abrupt bluff sometimes marks the descent of the last 50 feet to the bottom 
of the canyon. The two concentrators of the district discharge their tailings into 
this watercourse. 

South of Copper Mountain is the head of Morenci Canyon, whose valley 
opens out like an amphitheater; the town of Morenci is situated on the slopes of 
these hills. Immediately below the town the can^^on becomes narrow, though 
not particularly deep; a little farther down it is bordered by abrupt walls of 
limestone and quartzite, 200 to 300 feet high, and after a course of 1 mile enters 
the open plain of the detrital terrace which occupies so much space on the north 
side of Gila River. Five miles farther south it discharges directly into San 
Francisco River. 

A high limestone ridge, in part flat topped and sloping west, forms the divide 
between Morenci Canyon and Chase Creek. The principal points are Modoc 
Mountain (elevation 5,227 feet) and a sharp peak which, 1,500 feet to the south- 
^vest, attains an almost equal elevation. Modoc Mountain is separated from 
Copper Mountain by a gap (elevation 4,492 feet) connecting the main part of 
Morenci with the Yankie and Longfellow mines on the east side. A very steep 
slope, the lower part of which is practically inaccessible, leads down from the 
limestone ridge to the level of Chase Creek, a total distance of 1,200 feet. The 
brown cliffs of Coronado quartzite, 200 feet high, and the gray capping slopes of 
Longfellow limestone form very prominent topographic features (PI. V, jff), 
which mark the margin of the mountain region for nearly 3 miles southwest of 
the mouth of Morenci Canyon and overlook the long smooth ridges of Gila con- 
glomerate stretching far to the southward (PI. IV, A). The ridge west of Morenci 
Canyon is similar to that forming its eastern wall. 

Apache Can von heads a short distance south of Morenci and pursues an almost 
straight course of 2 miles down to the plains, following the direction of a fault 
plane. It is well graded and its walls for a long distance form precipitous bluffs 
up to 500 feet high. The ridge on its west side is remarkably even, its top being 
formed of gently westward-dipping limestone. 

The fourth canyon is that of Silver Basin Creek; it heads in the flat, wide 
basin which extends, covered by shales and porphyry, about 2 miles southwest of 
Morenci, contracting near its mouth to a short but almost impassable gorge. 

The divide between Gold Gulch and the gulches draining southward con- 
tinues for 2i miles southwest from Morenci as an irregular ridge surmounted 
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by sharp knobs, the elevations mnging from 5,000 to 5,500. This ridge then 
swings around to the southward and near the southern edge of the mountain 
area forms conspicuous dome-shaped, light-colored porphyry hills, on the highest 
point of which bench mark 5,175 is located. 

The general aspect of the country is that of barren rocky ridges and hills, 
of a color ranging from the light brownish yellow of the porphyry to the bluish 
gray of the limestone or the dark brown of the quartzite cliffs. 

A verv scantv vegetation imperfectlv covers the ground. There are no trees 
within the area, except a few cottonwoods in the bottom of Chase Creek Canyon, 
]>ut small desert bushes, yuccas, maguey plants, and small cactus are fairly abun- 
dant, especially on the higher points. 

Chase Creek contains a small stream of water, largely derived from the con- 
centrators at Morenci. With this exception none of the watercourses within 
this area carries permanent water, nor are any springs known. The workings of 
the mines are all dry. As a consequence of this the water necessary for the 
town and the mines nmst be pumped from a considerable distance. A part of 
it is supplied from San Francisco River, the Arizona Copper Company having 
one pipe line from Clifton, and the Detroit Copper Company another, which 
takes its water from San Francisco River several miles below Clifton. The 
drinking water is furnished by a pipe line from Eagle Creek. This water, 
although somewhat hard, is much better than that of San Francisco River, 
which is contaminated in many ways. The pumps in Eagle Creek raise the 
water against a head of 1,500 feet. 

A wagon road connects Morenci with Clifton, following the course of Morenci 
Canyon. Another road, which, however, is in poor condition, connects Morenci 
with the pump station of Eagle Creek. It crosses the dividing ridge at the gap 
immediately south of the town. 

The Morenci Southern Railroad, which connects the town with Guthrie station, 
on the Arizona and New Mexico line, at Gila River, follows Morenci Canyon, and 
in order to gain the elevation of the town makes four complete loops within a 
distiuice of 1 mile. A very extensive system of narrow-gage roads connects the 
mines, the smelter, and the concentrators. The main line of communication begins 
near the Arizona Central on the south of Copper Mountain, and continues 
northeasterlv at an elevation of about 4,870 feet. Side tracks connect this level 
with the Detroit Copper Company's smelter, located at the place where the canyon 
opens up into the amphitheater of Morenci. A tunnel pierces the ridge between 
Copper Mountain and Modoc Peak, and the tracks extend from there, at the 
same elevation, north of the Detroit Copper Company's concentrator, and also 
follow the contour of the hill to the concentrator of the Arizona Copper Company 
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(elevation 4,900 feet). Still another tunnel penetrates Lonc^fellow Ridge. Through 
this tracks connect with the head of the Longfellow incline (elevation 4,780 feet), 
which descends the steep slope to Chase Creek (elevation 4,(M)0 feet), where ore 
bins are located and the transfer of ore is effec^ted to the cars of the Coronado 
Railroad, which follows Chase Creek from Clifton to Metcalf. 

The town of Morenci spreads out irregularl}' on the slopes of the amphi- 
theater at the head of Morenci Canyon. As a conso([uence of the topographical 
features, it has been found impracticable to lay out regular roads or streets. The 
houses are situated in terraces, one row above another, and are coimected by 
trails. Transportation above or below the railroad tracks is effected b}^ means of 
the always present and useful burro. The total number of the inhabitants may be 
estimated as 4,000 or 5,000. 

GEOI.OGY. 

The sedimentary formations occupy the larger southeasterly part of the area 
shown on the Morenci special map (PI. XVII), while the high ridges of the 
northwestern area consist of porphyry of intrusive origin. The contact line 
between the two terranes runs in the main northeaster Iv, but exhibits the 
greatest irregularity in detail, masses of sediments being included in the porphyr\' 
and dikes of the latter rock that penetrate the water-laid formations. 

The strata consist of chiefly Paleozoic limestones and shales dipping 5^ to 25^ 
westward. In the southeastern part of the area the rocks are unaltered and 
succession and structure are easih^ ascertained. Two northwesterly trending 
faults divide the sedimentary area into three blocks, with downthrow on the 
east side; the Copper Mountain fault follows Morenci Gulch and the Apache 
fault courses just west of the town. The sediments are much metamorphosed 
all along the contact with the porphyry, and the width of this altered zone 
averages 1,500 feet. Within this belt it is sometimes diflScult to ascertain suc- 
cession and structure of the beds, as great compliaition results not only from 
alteration but from dislocation b}^ the intrusion of porphyry and by the later 
period of faulting. 

The principal copper deposits occur either in this altered zone of sediments 
or in the porphyr}^ close to the contact. A few smaller deposits lie in the 
porphyry far away from the contact line. 

For purposes of a preliminary orientation the rocks and structure of the 
Morenci hills are described in this paragraph in briefest outlines. Subsequently, 
the detailed geology of the vicinity of Morenci will be taken up, as the important 
mineral deposits are all contained within a small area. 

The basal pre-Cambrian granite is exposed only in the deep trench of Chase 
Creek and along the edge of the southeastern foothills for a distance of 3 miles 
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southwest of Morenci Canyon, Of the sedimentarj- series resting on granit«, the 
Coronado quttrtzite and the Longfellow limestone cover much of the eastern part 
of the aiea. The Coronado (Cambrian) quartzite forms almost perpendicular 
brown bhiffs, up to 200 feet high, which follow the west side of Chase Creek 
Canj'on, descending to the bottom at the foot of the Longfellow incline (eleva- 
tion 4,000 feet), and thence, gradually rising, overlook the Gila conglomerate at 
the mouth of Morenci Canyon. Capping the granit« the Coronado formation 
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and south of the town, A ; 
east side of Silver Basin. 

The lower Carboniferous is represented by the Modoc limestones up to 160 
feet thick. This formation is best seen on the hills adjacent to the east side of 
Morenci; elsewhere it is not extensively developed. This whole conformable 
series dips west at angles of from 10^ to 20^. 

On Modoc Mountain near Morenci and on the ridge southwest of that town 
a series of beds are exposed which consist of shales and sandstones, partly altered 
at this locality, and, though having the same dip as the underlying Carbonifer- 
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ous, sepai'ated from it by an unconformity due to erosion. While no fossils have 
been found in them at Morenei, they are referred to the Cretaceous with consid- 
erable confidence, for similar beds containing Cretaceous fossils are exposed on a 
large scale south of Gold Creek, and surround the prominent poi*phyrv hills 2^ 
miles south-southwest of Morenei. In the problems of mineral deposition these 
Cretaceous sediments are of little importance. 

Intrusions of porphyry occupy large areas and are of paramount importance 
for the study of the mineral deposits. These rocks did not, as far as we know, 
reach the surface during the time of their eruption, but consolidated far below, 
and have been exposed by later erosion. The main mass of porphyry, the great- 
est in the Clifton quadrangle, is that extending between the Eagle Creek foot- 
hills near Gold Gulch on the southwest up toward Metcalf on the northeast. To 
this stock belong the high ridges of Copper Mountain; its southern boundarv 
line runs in a northeasterly direction along the divide separating Gold Gulch and 
Silver Basin. Crossing the ridges into the head of Morenei Canyon, it continues 
along the foot of Copper Mountain and finally reaches Chase Creek 1 mile below 
Metcalf. The high yellowish-gray ridges coimecting with Copper Mountain con- 
sist entirely of this porphyry. At Morenei the stock is a mile wide and is bordered 
on the north by granite and quartzite. The contact lines are extremely irregular 
in detail, bearing constant evidence of the intrusive origin of the porphyr\', and 
the Paleozoic sediments adjoining are greatly disturbed and contain many dikes, 
best exposed in the vicinity of Longfellow mine and Modoc Mountain. Very few 
dikes are, however, found in the limestones at a greater distance from the con- 
tact. The great Morenei stock connects with an elliptical area 1 by 2 miles, 
which occupies the porphyry hills 3 miles southwest of Morenei. This would 
seem to be a laccolithic intrusion in the gently inclined Cretaceous strata. The 
beds on the east side appear to dip under it, and it seems to have been covered 
bj^ those on the west side. Several smaller rounded laccolithic masses and also 
some dikes are found in the Cretaceous shales of Silver Basin Creek. Of similar 
nature is probabh^ the mass which caps the hill of Cretaceous strata 1 mile south 
of Copper Mountain. The tendency of the porphyry to form laccolithic masses or 
sills is further illustrated in the remarkably persistent sheet which, intruded 
between the quartzite and the cov^ering limestone, follows along the Chase Creek 
slope from a point near Modoc Peak to the mouth of Morenei Canyon, and is 
usually about 50 feet thick. 

The sill and the laccolithic masses, as a rule, consist of diorite-porphyr}^ with 
comparatively little quartz in the groundmass. The light-colored rock carries 
small crystals of labradorite, hornblende, and biotite in a microcrystalline ground- 
mass. The great stock, on the other hand, and most of the dikes near Morenei 



230 COPPER DEPOSITS OF CLIFTON-MORENCI DISTRICT, ARIZONA. 

consist of a much more qimrtzose rock of an intermediate type, corresponding 
well to granodiorito-porphyrv. The small phenocrysts consist of andesine or 
lahradorite, together with some (juartz and a little biotit^. The light-colored 
microcrystalline groundmass consists of quartz and unstriated feldspar. 

The structural features of most interest are the faults, which subdivide the 
area into several l)locks. Jointing is pronounced in the porphyry, but in none 
of the rocks has schistose structure been developed. 

One set of faults assumes a northwest or north-northwest direction. There 
are three or four of these which are of importance and several subordinate ones. 
The Copper Mountain fault follows the course of Morenci Canyon from its 
mouth to the summit of Copper Mountain, but has not been traced farther into 
the porj^hyiy. The east side of this fault shows a drop of about 200 feet, the 
dip of the fault plane being steeply to the northeast. Apache Gulch is followed 
bv a double fault with the direction of north 30~^ west. The east side of this 
has dropped about 800 feet, the throw probably diminishing northward, where it 
crosses the extreme western head of Morenci Gulch. Parallel to this fault and 
half a mile distant to the west is the fault along the east side of Silver Basin, which 
shows a downthrow on the west side of about 200 feet. A shorter fault, follow- 
ing the lower part of the canyon of Silver Basin Creek, has a probable throw on 
the same western side of about 400 feet. The southern part of the mountain area 
of older rocks is thus divided into four or live long blocks, the most w^esterly of 
which is the largest. This last block may l)e further faulted, though no definite 
evidence of this has l)een obtained. 

A great numlwr of smaller faults with diverse displacements running in 
ejisterlv, northeasterlv, or southeasterlv directions divide these blocks, but do not 
seem to l)e continuous across the greater north-northwest fault lines. 

More important than these are these east west dislocations by which the 
whole southern part of the mountain area has successively dropped to the level 
which the strata attain near Morenci and south of it. This group may be called 
the Coronado fault system. 

The first of these dislocations is the Soto fault, probably continued eastward 
along the contiict of porphyry and granite to below bench-mark ix>int 6,370. 
The south block has dropped from 200 to nearly 800 feet. The second disloca- 
tion is the Concentrator fault, by which quartzite and granite have been brought 
to a level on the blutf overlooking Chase Creek at the Arizona Copper Com- 
pany's concentrator. The last is the Longfellow fault, near the mine of the 
same name. The Longfellow limestone on the south side has here dropped 200 
or 300 feet. Neither of these two last faults has been traced through the por- 
phyry westward, but their equivalent is prominently shown on the ridge east of 
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Chase Creek, where the Cambrian quartzite now rests at the foot of Markeen 
Mountain, indicating a total displacement of at least 1,500 feet. 

Wherever the fault blocks consist of stratified rocks they are fairl\' uniformly 
tilted westward, with dips mnging from 10"^ to 30^. The relative age of Copper 
Mountain and the Coronado fault systems is not definitely known, but the two 
are believed to be about contemporaneous. The faulting as a whole involves a 
step-like settling of the area toward the south with a simultaneous development 
of northwesterly dislocations along which diverse displacements have occurred. 

liODE SYSTEM. 

The veins of Morenci form a rather complicated system, partly cutting the 
porphyry, and partly the limestone and shale a few hundred feet southeast of 
the contact. In character the veins are usuall}^ simple — that is, thev consist of a 
single sheet of pyrite or chalcocite lying close to a plane of dislocation — but they 
are, as a rule, surrounded b}^ wide zones in which metiisomatic formation of 
sulphides has taken place. This zone, together with the central vein, is referred 
to as a lode. These lodes dip steeply northwest or southeast, or stand vertical 
and have a strike averaging due northeast. Their outcrops are rarely .traceable 
and they frequently branch or lose themselves, but on the whole form two 
distinct systems of linked veins. Two miles cover the entire length and the 
most important part is confined within less than 1 mile. 

The first system lies in the porphyry and the veins generally dip north- 
westerly. The first two membei*s are the Fairplay and Wellington veins 
(PI. XVIII). The Fairplay is traceable for 2,000 feet, continues across the 
Butler tunnel, and probabl}' breaks up in several stringers farther westward, as 
shown in the Lone Star tunnel. Half a mile farther southwest a vein, possibl}' 
identical with the Fairplay, crosses the Eagle Creek, road. The Fairplay vein is 
more easily traceable on the surface by copper-stained croppings than any of 
the others. A few hundred feet to the southeast the strong Humboldt lode 
appears, forming a curve with the convex side toward the contact, and eventually 
crossing the Wellington lode. Its foot wall is one of the most persistent features 
of the system. The Ryerson vein is a link connecting the Humboldt and the 
Wellington. 

The second system begins near the Humboldt lode on the northeast and 
forms a long curved array of branching and linked veins not traceable on the 
surface. It begins in the Montezuma and continues through the Joy. After an 
interruption, the system appears again in the W^illiams and Hudson veins, the 
former continuing up to the Apache fault. 
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UXDERGROUXD WATEK8. 

It has already been mentioned that Eagle Creek and Chase Creek are the 
only permanent streams near Morenei. Of these Eagle Creek has a comparatively 
large watershed and carries a stream which even in the driest seasons is said to 
amount to 100 miner's inches. The underflow in the sandy bed probably amounts 
to much more than this. Chase Creek, on the other hand, contained originally onl}^ 
a ver}' small quantity of water, which may not have reached much below the foot 
of the Longfellow incline. Now, however, a large quantity of water is added at 
the mouth of Concentrator Canyon from the ore-dressing plants at Morenei, this 
being derived by pumping from San Francisco River. As a consequence of this. 
Chase Creek contains about 100 miner's inches of water heavily charged with 
tailings, and this artificial stream continues down to its junction with San Francisco 
River at Clifton. 

None of the canyons in the vicinity of Morenei contains running water except 
immediately after very heavy rains. The town is situated about 800 feet above 
Chase Creek and 1,200 feet above Eagle Creek. 

Ground water has thus far not been found in any of the workings of the mines 
at Morenei, the deepest levels of which in the Manganese Blue and Arizona Central 
mines are at elevations of approximately 4,500 feet, or 500 feet above the stream 
in Chase Creek. The spring nearest to Morenei is situated in Gold Gulch at an 
elevation of 4,800 feet. Lately water has also been struck in a winze at the Cayuga 
mine below the level of Pinkard Gulch and at about the same elevation as the 
spring. In the Manganese Blue mine a little moisture is met in places, and the 
same applies to certain drifts of the Arizona Centml; but this beyond doubt per- 
colates from the hundreds of dwellings of the town situated immediately above, 
the water used for domestic purposes being pumped from Ekgle Creek. 

Though the mine workings are genei'ally dry, the coatings of soluble sul- 
phates which are so frequently found on the walls of drifts from 100 to 200 feet 
below the surface prove that a certain amount of moisture finds its way down to 
at least the upper levels after the annual rains. 

The present conditions of underground waters ma}' differ greatly from those 
of jMUst time. Considering that during the early Pleistocene the Gila conglomerate 
filled Gila Valley up to a marginal level of 4,500 feet (present elevation), Eagle 
Creek and Chase Creek must at that time have had beds 600 or 700 feet higher 
than at present and have flowed in broad gravel-filled valleys. The climate during 
this epoch, corresponding to that of the general North American glaciation, was 
perhaps moister than at present. This leads to the belief that the surface of the 
ground water must then have stood several hundred feet — possibly 700 feet — 
higher than now, which would mean that it would not have been far below the 
surface at Morenei. This theory has a ceitain bearing on secondary changes in 
the ore deposits, and has been referred to on page 206. 
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JDETAII^S OF MINES. 

THE LONGFELLOW MINE. 

Product ian and developnumt, — The Longfellow mine is situated on the nar- 
row ridge dividing Chase Creek from Concentrator Canj^on, and the eroppings 
have an elevation of 4,900 feet. It was one of the verv earliest discoveries in 
the district, and for many years furnished an immense amount of rich oxide 
ore to the Lezinsky Brothers, and later to the Arizona Copper Company. The 
total amount of copper produced from this property can not be determined from 
the data at hand, but it certainly has amounted in value to several million dol- 
lars. At the present time — in 1902 — about 750 tons per month of 7 per cent 
ore are extracted from various points in the old workings, but the ore bodies 
are practically exhausted. 

In a general way the deposit consists of an irregularh' funnel-shaped mass 
of oxidized ore, the outline of which is partly determined by three almost 
parallel porphyry dikes, the lowest level having practically reached the bottom 
of the deposit. The eroppings were found high up on the hill, about 150 feet 
above the present railroad level, at the head of the Ijongfellow incline. This 
corresponds to an elevation of 4,900 feet. The ore bodies under these eroppings 
were partly worked by open pits, partly by stoping, and the whole surface has 
now caved, forming three large irregular depressions, causing also a settling of 
this whole part of the hill. The old workings above the railroad level (eleva- 
tion 4,760 feet) are inaccessible and caved. The developments, as far as the 
present workings are concerned, consist in tunnels on four levels, the first one 
being on the railroad level, and the fourth 200 feet below it. Besides there is an 
incline starting at an elevation of 4,784 feet and reaching down to the fourth 
level. The fourth level is opened by a long tunnel, starting on the steep slope 
below the railroad track and extending about 950 feet W. 14i^ S. to a point 
immediately below the old workings. While the larger part of the deposit lies 
within the Longfellow claim and belongs to the Arizona Copper Company, a 
small part of it falls within the East Yankie claim of the Detroit Copper 
Company. This part of it is developed by four levels from the East Yankie 
shaft, the lowest having an elevation of 4,630 feet. 

Geology, — The surface geology of the Longfellow mine is greatly obscured 
by reason of the great caves and open pits which are located on the ridge, which 
render the tracing of the strata and dikes very difficult. Figs. 5 and 6 show 
the general structure of the sedimentary series. On account of the difficulties 
created by cavings and old, inaccessible, and unknown stopes, they are only 
approximately correct. The Coronado quartzite crops 12 feet below the lowest 
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tunnel and its hods dip sljirhtly westward. Alwvu tliis Up the limestones and shaly 
lin»e.stoiies of the Ijon;/fellow fommtioii, jMirtly doloniitic. The thickness of this 



•^■, 





series is 350 feet. The Longfellow limestone is again covered by the Morenci 
formation, consisting of a lower member 60 feet thick, of very fine-grained lime- 
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stone, and an upper dimioii of clay shales somewhat over 100 feet thick. The 
Morenci shales form the upper part of the ridge and the gap west of the Longfellow 




incline. The sediments are broken i>v at least two faults which have a general 
east-west direction. The northerly one (PI, XVIII) is outside of the ore bodies 
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and falls a nhort distance beyond the limit of the area shown on the special map. 
The throw amounts to several hundred feet, for it brings up the Coronado 
quartzite on the north side to the level of the Moronci shales. The southerly fault, 
striking N. 65^ W. (tig. 5), which has lK?en observed only in the mine, brings the 
Coronado quartzite on the south side up to the level of the Longfellow limestone; 
its throw is probably 80 to 100 feet. 

Several porphyry dikes with an east-northeast trend cut the strata. The 
north dike is nearly vertical; its thickness is only 20 feet on the surface, but on 
the second level of the East Yankie this increases up to 70 feet. The middle 
dike is traceable for only a short distance on the surface, but is found on several 
levels in the mine. It scarcely avemges 20 feet in thickness, but has a tendency 
to send out sheets or sills between the stmta. Such a local widening is seen in 
fig. 5 near the incline shaft. The mind's refer to it as the ''sheet-porphyry 
dike." The south dike is 25 to 30 feet wide and, like the middle one, dips to 
the north at an angle of about 60 degrees. On the fourth level a crosscut to 
the north, 90 feet long, is entirely in porphyry, and from this it seems probable 
that this dike, like the middle one, sends out horizontal sheets in the lower part 
of the limestone. 

The Longfellow porphyry is rarely found in perfectly fre^h condition, as it 
generally contains much sericite, and usuall}' also pyrite. On the three and one- 
half level the porph3^ry of the middle dike is of a reddish-gray color and con- 
tains as phenocrysts closely massed triclinic feldspar, largely, as far as can be 
determined, of andesine. There are no large quartz crj^stals, but there are a few 
small partly chloritized biotites and hornblende. The groundmass contains much 
quartz in microcrystalline intergrowth with unstriated feldspars and a few small 
prisms of plagioclase. Apatite and magnetite iron ores are accessories. This 
rock contains no pyrite and comparatively little sericite. The porphj^ry from the 
fourth level in the north crosscut is very altered, only showing a hard, greenish 
groundmass with closeh' massed small and whitish feldspar crystals. Pyrite in 
small cr3-8tals is sprinkled through the rock. This rock is completeh- sericitized, 
the forms of the feldspars being pseudomorphs of sericite and a little quartz. 

Roch alteratUm, — The Morenci shale shows only a very slight alteration, 
chiefly consisting in a hardening of the rock and in the introduction of 
epidote. The upper few feet of the underlying Morenci limestone is largely 
fresh, probably on account of it« very dense and compact structure. Irregular 
masses and seams of garnet, chalcopj^rite, and zinc blende occur, however, in 
it, and also disseminated needles of tremolite. The Longfellow limestone, which 
is the main ore-bearing horizon, is extensively but irregularlj^ altered. At the 
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sharp contact with the middle dike on the fourth level without slip or fault 
the limestone is greenish and mottled with specks and thin seams of pyrite 
and chalcopyrite. Under the microscope a great development of small prisms 
of pyroxene is noted, as well as magnetite intergrown with p3'rite (PI. VII, B), 
On the rest of the fourth level the limestone does not seem verv much altered, 
but contains seams of pyrite, some of which follow the stratification, while 
others are perpendicular to it. This pyrite is said to contain a little gold. 
On the railroad level, near the office of the Arizona Copper Company, the lime- 
stone near the dikes seems very slightly altered. In the East Yankie mine 
near the north dike the alteration i^ strongly pronounced. On the surface of the 
western slope masses of epidote are seen, and on the second and third levels 
magnetite and garnet occur near the porphyry. Most of these localities are 
outside of the ore body proper; within it surface oxidation has obscured the 
earlier metamorphism; garnet has been decomposed to quartz and limonite, and 
large quantities of pure kaolin have been developed. That the porphyry is 
quite generally sericitized and in places contains small pyrite crystals has alreadj^ 
been noted. Further oxidation results in kaolin and limonite. Seams of cuprif- 
erous pyrite intergrown with quartz and defined by slips with kaolin and a 
little chalcocite occur on the fourth level in the porphyry. The maximum 
width of these is 2 inches, and in places they contain a considerable amount 
of copper, but none of this poi-phyry is pa3^able ore. 

07*e hodits, — The main ore bod}" occurred in the Longfellow limestone between 
the north and middle dikes; another mass was found between the latter and the 
south dike. In their widest part they occupied a space of about 300 or 400 feet, 
but naiTowed as depth was attained, and on the lowest level only a small ore 
chamber worth stoping was found. The ore was replaced by fresher limestone 
which had not been exposed to oxidation. Ore bodies were also encountered from 
the surface down on the north side of the north dike. These, too, gradually 
contracted and the hard limestone came in below. 

The principal stopes between the north and middle dikes consisted almost 
entirely of red oxide or cuprite with a small amount of manganese dioxide. 
On the south side of the middle dike carbonates of copper prevailed with much 
black manganese. No considerable amount of chalcocite ore was found in the 
mine. The porphyry dikes were somewhat mineralized, in places enough to be 
extracted as second-cUss ore, but on the whole no important amount came from 
this source. As stated above, a small chamber of oxidized ore was stoped on the 
fourth level, this forming practically the bottom of the ore body. A winze sunk 
in early days from the surface happened, curiously enough, to strike the deepest 
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neck of the ore bod}', a fact which naturally raised greater expectations as to its 
size than were to be fultilled. On the north side of this stope on the fourth 
level a small body of red oxide and carl)onates was found lying on the quartzite 
wall of the fault mentioned al)ove. 

The gangue consisted of the decom|X)sition product^ of limestone and 
porphyr}'. Among these are kaolin, limonite, and oxides of manganese, together 
with a variable amount of quartz, not enough, however, to give the ores a siliceous 
character. 

Kaolin, in part very pure, occurs extensively in the Longfellow mine. On 
the first level all transitions may be seen between softened and pyritic porphyry 
and almost pure kaolin. It would probablv be incorrect, however, to say that all 
of the kaolin is derived from this rock. On the second level of the East Yankie 
there are large kaolin stopes adjoined by large masses of limonite. No evidence 
of porph3'ry was found here and the mineral seems to be derived from shale or 
shaly limestone. The kaolin is extracted for use as converter lining. 

All of the gangue minerals thus far enumeiTited are clearly decomposition 
products due to the oxidizing effect of surface waters. The available evidence 
points to the conclusion that the primary substance consisted of the same altered 
limestones which are now found on the outskirts of the ore body, and that its 
composition included calcite, garnet, epidote, pyroxene, and amphibole, with 
magnetite, pyrite, chalcopyrite, and zinc blende as ore minerals, the latter three 
disseminated or as small seams. Zinc blende is reported to have occurred in 
places on the lower levels. It is certain that the adits contain efflorescences of 
the sulphates of zinc and magnesia. 

The ore bodj' resulted from the surface oxidation, and attendant concentration 
of copper, of rocks like the altered limestone described from the fourth level at 
the contact with the porphyry; this limestone probably contains from one-half per 
cent to 1 per cent of copper. As it has been shown that oxidation has i^enetrated 
to the fourth level, the possibility of finding other bodies may be conceded. The 
exploration should be directed either northward toward the great quartzite fault 
or southward by crosscutting the two porphyry dikes yet to be encountered 
beyond the south dike. To judge from the developments in the East Yankie 
mine, bodies of chalcocite ore may well occur along the quaitzite fault. ^ 

The fault exposed on the fourth and third levels in part forms the limit of the 
ore, and probably' is to some extent responsible for the outlines of the ore body 
by facilitating the descent of oxidizing solutions. The ores also show a distinct 
tendency to follow the porphyry contacts. This may l)e partly due to the more 

a Since the above wem written I have been informed that good b(x1ie»4 of ehaleoeite ore have been found in the 
vicinity of the quartzite fault by crosscutting north from the first and second levels^f the Longfellow incline. 
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abundant pre3ence of oxidizing solutions in the porous porphyry, but also points 
to a greater percentage of chalcopyrite in the limestone adjoining the porphyry, 
a fact abundantly proved at many other places near Morenci. 

The general character of the Longfellow ores is shown by the following 
analyses. A sample taken in 1880 by Wendt from one of the big stopes gave: 

Analysis of copper ore from lA)ugfeUow m'nie {1880). 

Per cent. 
Copper 38. 80 

Silica 11.15 

Ferric oxide 11 . 56 

An average sample from over 1,000 tons of ore, taken at the same time, gave: 

Analysis of average sample of copper ore from Longfellow mine {1880). 

Per cent. 
Copper 17. 17 

Silica 26.80 

Ferric oxide 15. 29 

Manganese oxide 7.49 

The character of the ore taken out at present is shown by the following 
analysis: 

Analysis of copper ore from Longfellow mine {190iS), 

Per cent. 
Insoluble 43. 17 

Iron , 18. 08 

Copper '. 5. 10 

Manganese 93 

Li me 1 . 68 

A technical anabasis of the porphyry from one of the dikes at the Long- 
fellow mine indicates that it corresponds in general with the other masses of 
porphyry at Morenci. The analysis shows, besides, a small percentage of pyrite 
and very little chalcocite. The analysis runs as follows: 

Analysis of porphyry from dikes at Ixmgfellow mine. 

Per cent. 

Silica 72. 56 

Ferric oxide 2. 23 

Alumina 14. 80 

Lime trace. 

Magnesia trace. 

Pyrite 2.51 

Chalcocite 15 

Alkalies 4.24 
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WEST SLOPE OF MODOC MOUNTAIN. 

The area of altered limestone west of the Longfellow mine, between it and 
the Yavapai hoist, shows a number of surface pits with large amounts of epidote 
rock. From these much oxidized ore was extracted in the early davs of the 

ft- ft. 

camp, but hard and nonoxidized rock carrying pyrite and chalcopyrite was 
found at no great depth. The Montezuma workings, partly open cuts, adjoin 
the Yavapai on the south and contain both fissure veins and beds of shale, with 
disseminated oxidized ores. Both of these mines will be described later. High 
up on the north slope of Modoc limestone are the Modoc open cuts. A fair 
amount of oxidized copper ores has been extracted at this place, but no work is 
carried on at present. The princii>al ore mineral was blue chrysocolla, associated 
with copper-pitch ores and contained as irregular bodies and seams in a garnet 
rock partly decomposed to limonite and quailzose cellular masses. 

Several smaller prospects and open cuts are noted along and just below the 
garnet rock on the north side of Modoc Mountain, but there are no ore bodies 
of importance. 

Fifteen hundred feet southwest of the sunmiit, in the little gull}' running 
down to the smelter, the Detroit ore body outcropped l>elow overhanging dark- 
brown clilTs of garnet rock, and 800 feet farther southwest the Manganese Blue 
mine is reached. Both of these deserve more detailed description. Briefl3% each 
of them contain several tabular deposits of oxidized copper ores in nearly hori- 
zontal strata of more or less altered limestone and shale. Both of them are 
confined between two dykes of acidic porphyry, 500 feet apart, coursing north- 
easterly in the direction of the summit of Modoc Mountain. But they are 
separated by the great Copper Mountain fault, so that the ores in the Detroit 
are contained in the strata of Carlioniferous and Devonian age, while those of 
the Manganese Blue are contained in the Ordovician limestones. 

DETROIT MINE. 

Production aiid development, — The Detroit mine, belonging to the Arizona 
CJopper Company, is one of those rich deposits of carbonates and cuprite in 
limestone which lie a short distance south of the main contact of the porphyry 
at Morenci. In contrast to the Longfellow mine, it consists mainly of several 
ore-bearing horizons in limestone, separated by barren material. 

The deposit was discovered in 1884 and yielded for some 3^eai's at the rate 
of several thousand tons per month. For nine years following the first period 
of great production about 500 tons per month were extracted from the mine, 
and for many years this and the Longfellow mine formed the two mainstays 
of the production of the Arizona Copper Company. At the present time the 
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deposit is practically worked out though a litUe ore is still extracted from 
some of the stopes The total producticn of the mine probably amounts to 



^-s ^^^ 




something like 15(),00(J tons. Most of the ore was undoubtedly very rich. 
Though of little economic importance at present, the deposit is of ^reat interettt 
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from a scientific standpoint, for its structure can be ascertained with accurac3\ 
The ore bodies are opened by means of the Detroit shaft, which is 224r feet deep, 
and has 4 levels (elevation of collar, 4,884 feet); the workings connect with the 
upper levels of the Joy shaft, situated 400 feet to the northeast from this point. 
The collar of the Joy shaft has an elevation of 4,889 feet. The second level, the 
elevation of which is 4,655 feet, connects with the bottom level of the Detroit 
shaft. The Humming Bird stopes, a short distance east of the Detroit shaft, 
open directly on the little gulch which joins Morenci Canyon at the smelter. 
The shaft and adits are connected by a maze of irregular stopes and workings 
forming the old ore bodies. The worked ground occupies a space of about 300 
by 400 feet and lies between two porphvrj" dikes 400 feet distant from each 
other. The so-called South shaft (elevation of collar 4,894 feet) was sunk some 
years ago to a depth of 400 feet by the Detroit Copper Compan}^ to explore 
the western portion of this block dose to the Copper Mountain fault. It is 
just outside the west line of the Detroit claim and inaccessible at the present 
time. 

Geology. — ^The block of ground in which the Detroit mine is situated lies on 
the east side of the great Copper Mountain fault, as far as exposed by mine work- 
ings. It consists of the normal Paleozoic series from the Carboniferous to the 
upper part of the Silurian. The beds dip gently westward, in places turning more 
southwesterly, at angles of up to 20^. The average dip is probably not more 
than 10^. The upper 100 feet consist of the horizon of Modoc limestone (Car- 
boniferous), which occupies the whole southwestern slope of Modoc Peak. Its 
larger and upper part, however, is here entirely metamorphosed to a heavy sheet 
of dark-brown garnet rock, the lower part of which contains copper ores. As 
elsewhere, limonite and secondary quartz occur as products of decomposition of 
garnet. Below this follow 25 feet of less-altered limestone, of the same horizon, 
in part shaly, which again is underlain by 75 to 1(X) feet of dark-gray Morenci 
shales (Devonian^). These are hardened and have undergone considerable meta- 
moq^hism by the appearance of amphibole and epidote, but their bedding is easily 
recognized. A hard, dense, and comparatively little-altered argillaceous limestone, 
the lower member of the Morenci formation, underlies the shale. Mr. Gordon 
McLean states that verv fresh limestone was found near the bottom of the South 
shaft which contained much zinc blende and a little copper (as chalcopyrite). This 
material also contained 2 ounces of silver per ton. This block of sediments 
continues northward toward the main porphyry contact, at least to the Blue shaft, 
without much disturbance. About 100 feet below the collar of the latter the 
Morenci shales are again encountered in their proper position. 
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Two porphyry dikes of ^reat importance cut tlie strata of tliis block and 
limit the ore on the northwestern and southeastern sides. They are from 400 to 
500 feet apart. Their outcrops are difficult to trace continuously on the surface, 
but the workings give abundant evidence of their position. The northwesterly 
dike, which may be called the Joy dike, comes from the irregular masses of 
porphyry near the schoolhouse and continues to the Blue shaft, partly hidden under 
dumps, etc., and thence northeasterly to the Joy mine, here forming the foot wall of 
the Joy vein. From here it continues to near the summit of Modoc Peak and, 
crossing it, descends with the same direction on the steep easterly slopes of this 
point. The second dike, which may be called the Humming Bird dike, shows 
first at the post-office near the Detroit Company's office, where it is surrounded 
by a considerable mass of epidote and garnet and continues along the southeast 
side of the main stopes of the Detroit mine up along the little gulch emptying 
at the smelter. Both dip northwest at angles of about 60^ to 70*^. The Copper 
Mountain fault dislocates both dikes, the east side of the fault showing a south- 
easterlv horizontal throw of 50 or 70 feet. 

Ore bodies. — The cap rock of garnet, 75 to 100 feet thick, contains copper 
stains in places, but rarel}^ pa3^able ore. The main ore body is situated imme- 
diately below this heavy garnet rock and averages 25 feet thick. Underneath 
this lie 25 feet of lime shales. The second ore body, about 5 feet thick, under- 
lies this stratum and is again succeeded by 75 feet of barren cla}' shale. Below 
this is a third horizon of ore bodies, which, however, have proved unsatisfactory 
in grade and extent. Extensive prospecting operations by aid of diamond drill 
have failed to show further ore bodies below this. Drill holes from the bottom 
of the Detroit shaft have penetrated into the porphyry of the Humming Bird 
dike and revealed the fact that this porphyry widens considerably^ in depth. 
The greatest depth reached by the drill is 300 feet vertically below the bottom 
of the shaft. 

The Humming Bird stopes on the upper ore body open to daylight in the 
little Smelter Gulch, just below the overhanging garnet rock. The thickness of 
this ore body varies from 1 to 40 feet, averaging 25 feet. Along the east side 
of the Humming Bird dike for a distance of 400 feet it is thickest, and the first 
and second ore bodies here practicalh' join. There is no sharp line separating 
the first ore body from the garnet rock; smaller masses of this mineml, in 
places crystallized, were found in the gangue, which besides consisted of quartz, 
hematite, and kaolin. The ore is entirely oxidized and chiefly contains malachite 
and azurite, in places associated with black, eaithy manganese ore and copper- 
pitch ores. Chalcocite and cuprite occur rarel3\ The general character of the 
ore is not strongly hematitic as in the Shannon mine; neither does silica prevail. 
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At one place a small mass of unaltered lime8tx)ne dipping 15^ SW. was found 
below the gjirnet cap. 

The second ore body is nuich thinner, but contains about 5 feet of clean ore 
accompanied by a gangue of yellowish altered rock. The roof is well defined 
from the ore and consists of gray limestone, usually looking comparatively 
unaltered and sometimes peculiarly pitted as if b}' the action of corrosive 
solutions. Dips of 15^ SW. were observed in this limestone. Hematite is not 
present in great quantities. The brownish or yellowish gangue is porous and of 
light weight. Samples contained 17 per cent water and chiefly consisted of a 
silicate of ferric iron, lime, and magnesia, with only small quantities of alumina. 
Thin sections show that decomposing epidote and amphibole, the latter in fine- 
felted form, are the principal gangue minerals; garnets were noted in ^ few 
places. The rock is clearly a metamorphosed clay shale. The ores consist again 
of azurite in bunches of crystals, replacing shale, and microcrystalline malachite. 
Chloritic and serpentinoid products form from the gangue, and kaolin also certainly 
develops in the shale, usually assuming the form of semitransjMirent nodules, 
generally surrounded by impure limonite. The kaolin and chloritic products are 
doubtless due to oxidizing action. 

The extreme western ends of the first and second ore bodies were found in 
the South shaft on the ground of the Detroit Copper Compan}'. 

The main bodv of shale below the second ore bodv is a hard greenish grav 
rock, breaking in sharj) fragments; vertical, narrow p^-rite seams are often 
observed in it. Under the microscope it shows considerable alteration and con- 
sists, like part of the gangue in the ore lx)dy, of a felt of amphibole needles. 
This metamorphosed shale contains, as a rule, no ore except occasional films of 
cuprite. 

The third ore level, below the main mass of shale, is of little value. No 
ore occurs on this level along the Humming Bird dike. Bunches and pockets of 
ore are found between the shale and the underlying dense Devonian limestone, 
which appears little altered. The small ore bodies often occur at fracture lines 
which connect with the overlying second ore body. The ores consist of mala- 
chite associated with black manganese ore, but no sulphides were found. 

The porphyry dikes, as a rule, contain no ore, but are sometimes cut by 
vertical seams of pyrite. 

Summing up the characteristics of this deposit, we first note the tefidenc}' of 
the ore bodies to develop along the bedding plane, both in limestone and shale, 
though not in the main mass of the clay shale. Oxidation has been very active, 
and the only sulphides now present consist of a small amount of pyrite in the 
porphyry and shale in perpendicular seams. The copper carbonates are probably 
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due to the decomposition of chalcopvrite. The presence of zinc in oxidized 
form and as sulphide in the deepest part of the South shaft makes it likel}' that 
here, as elsewhere, it entered as zinc blende, together with pyrite and chalcop}'- 
rite in the primary ore, and that its removal was due to surface oxidation. 
Kaolin, quartz, and limonitc are also products of oxidation. 

While the evidence at this place does not show conclusively that the sul- 
phides were deposited during the tune of the metamorphism of the rocks — that is, 
contemporaneously with the formation of the garnet, epidote, and amphibolite 
from the limestones and shales — it seems extremel}^ probable that such was the 
case. As usual in the district, the metamorphism has not affected the beds 
equally; for while the Modoc limestone is thoroughly garnetized and while the 
shale is unusually altered, the Devonian limestone seems in places at least 
remarkably fresh. The presence of a strong vein on the foot wall of the Joy 
dike and the occurrence of stringers of pyrite in the limestone show that much 
mineralization has taken place since the consolidation of the porph3-ry, and yet 
these phenomena do not appear, as far as the evidence goes, to )je at all causall}^ 
connected with the metamorphism. The solutions circulating on these fissures 
would scarcely seem sufficient cause for the great amount of metamorphic action 
in the sediments. The ore bodies are more closeh' connected with the Humming 
Bird dike than with the Jo}^ porphyr\' and fissure vein, for, while lying up 
closely against the former, they generally do not quite reach the latter. 

MANGANESE BLUE MINE. 

Production and development, — The mine known under this name belongs to 
the Detroit Copper Company and is situated in the center of the town of Morenci. 
It is confined within the limits of the Copper Mountain claim. The ore bodies 
were most actively exploited from ten to fifteen years ago and furnished a large 
amount of high-grade carbonate ore. Before the discovery of the great masses 
of chalcocite ores below Copper Mountain the Manganese Blue was for many 
years the main support of the Detroit Copper Company, just as the Longfellow 
and Detroit mines were of the Arizona Copper Company. At the present time 
the deposits are practically exhausted, though a little ore is yet extracted. The 
old workings are not accessible now, and the description of the principal ore 
bodies has been obtained from Mr. Gordon McLean, the superintendent of the 
company. 

The property is developed by the Old Blue shaft, now abandoned, 400 feet 
deep and located in the center of the producing area. The present workings lie 
a little northward and are opened In^ the Blue shaft, situated 500 feet northeast 
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of the Detroit Ooppi?!- Coiiip«iiy"i* store, iiud about the aame distance west of the 
Detroit shaft Its collar has an elevation of 4.653 feet and four levels are 
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turned at 100, 175, 275, and 375 feet from ftie surface, the lowest thus having 
an elevation of 4,478 feet. The workings include many thousand feet of drifts 
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and stopes on the several levels; two long exploratory drifts extend up toward 
the northwestern end of Copper Mountain claim on the second level (elevation, 
4,680 feet). 

The ores occur in the limestone and shale as five more or less regular beds. 
To the northwest of the Blue shaft, closer to the porphyry of Copper Mountain, 
are a number of smaller irregular deposits, chiefly in limestone. 

Geology, — The sedimentary rocks near the Manganese Blue mine are well 
within the metamorphic zone, and the exact identification of the strata is difficult. 
The Copper Mountain fault, frequently referred to alx)ve, runs along the center 
line of the Copper Mountain claim and divides the sedimentary beds into two 
parts. The fault crosses the hill between the smelter and the Detroit Copper 
Company's store in a north-northwesterly direction; its exact position on the 
surface is known with certaintv onlv for a few hundred feet northwest of the 
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smelter and at the Copper Mountain adit, but the underground workings locate 
it with exactness in several places and on several levels. The dip of the fault 
plane is about 63^ NE. or NNE. The vertical throw is about 225 feet, and the 
horizontal movement of the northeast block is about 70 to 90 feet east-southeast, 
as shown by the dislocation of the porph3*ry dikes in the mine on the first, 
second, and fourth levels. The rocks are greatly crushed near the fault, and 
often there are two or three parallel planes within a few feet. 

Near the smelter the surface stratum of the northeast fault block consists of 
the heav}' garnet into which the Modoc limestone is altered. But higher up on 
the hill and on the north slope, at the bunk house, and in the rear of the supply 
depot, the principal rocks exposed are dark-green, hard, metamorphic shales of 
uncertain horizon. Possibl}' there is another dislocation along the contact of the 
main garnetized area. 

The rocks exposed on the surface on the southwest side of the Copper 
Mountain fault are different. On the summit of the hill and along the upper- 
most railroad track to the smelter crystalline limestone is exposed, sometimes 
greenish from admixed serpentine. At the Detroit Copper Compan3^'s office a 
large amount of garnet and epidote adjoins both sides of a porphyry dike, and 
a little more garnet is exposed 200 feet farther north on the same track. 

According to Mr. McLean the rocks exposed in the Old Blue shaft are as 
follows, beginning from the top of the hill: 60 feet limestone, 60 feet garnet 
rock, 50 feet limestone, and 25 feet quartzite. Below this last is fresh-looking lime- 
stone. It is probable that the upper part of this section corresponds to the top 
of .the Longfellow formation, and that the bottom of the Old Blue shaft is very 
near the top of the Coronado quartzite. The long drifts on the second level 
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up toward the northwestern end of the Copper Mountain claim chiefly cut shaly 
limestone, with some quartzite, probably about the middle part of the Longfel- 
low formation. These* rocks are grayish or brownish and are cut by numerous 
seams of pyrite and magnetite. Thin sections show that these rocks are much 
more altered than their appearance indicates and contain disseminated tremolite 
needles as well as grains of pyrite and chalcopyrite, with which magnetite is 
frequently intergrown. 

On the surface near the mouth of the Copper Mountain adit, the limestones are 
greatly altered and contain much epidote and magnetite. Large masses of mag- 
netite, partly oxidized to hematite and limonite, occur on the east side of the fault 
on both sides of the Joy porphyry dike. This iron ore has been extensively 
stoped and used as flux; it contains a small amount of oxidized copper ores. 
These iron ores occur in general as horizontal beds of a maximum thickness of 20 
feet. Above them garnet prevails, intergrown with magnetite and oxidized by 
copper carbonates and limonite, and below lies a cupriferous, partly metamorphosed 
clay shale. Similar iron stopes occur to the west of the great fault, extending 
along it northward of the Blue shaft, chiefly at a horizon of 40 feet below the 
collar of the shaft. The beds southwest of the fault are nearly horizontal, while 
on the northeast side they have a slight southwest dip. 

The main ore bodies of the mine are contained between the same two porphyry 
dikes which limit those of the Detroit claim. On the northwest side is the Jov 
dike, continuous from the Joy mine. Seen on the first level of the Manganese Blue 
mine is a soft, very much decomposed porphyry, 40 to 70 feet wide, often containing 
vertical seams of pyrite. It shows on the surface 100 feet southeast from the Blue 
shaft. The Humming Bird dike lies on the southeast side and is exposed on the 
surface near the Detroit Copper Comj^any's office. The workings belo\^ were not 
accessible, but the position of the dike was indicated by Mr. McLean. The 
exploratory drifts on the second level have struck the main mass of porphyry 
about 600 feet west-northwest of the Blue shaft. One or two smaller dikes without 
ore bodies were encountered in the lime shales between this ma^s and the Joy 
dike. The main porphyry on the second level is a whitish, rather hard rock con- 
sisting chiefly of sericite, quartz, and pyrite, the latter both disseminated and in 
veinlets. 

(he bodies. — The ores in the Manganese Blue mine occurred on four princi- 
pal horizons and were confined within a horizontal space of 400 by 300 feet. On 
the northeast they were all squarely cut oS by the Copper Mountain fault, and 
gradually thinned out within 300 feet. On the other side they were limited by 
the two porphyry dikes and often abutted against them. Vertically they were 
contained within a distance of. 225 feet. Below 60 feet of ci'ystalline limestone 
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extended the first ore horizon, forming a solid sheet of high-grade azurite and 
malachite ore stained by manganese; this had a thickness of 2 to 10 feet. The 
second body of carbonates was situated 60 feet lower down under a heavy mass 
of garnet rock; it was from to 25 feet thick, and like the others was cut off 
by the fault. The third ore body occurred below 50 feet of limestone in a stra- 
tum of shale; the ore consisted of cuprite disseminated in this shale. The fourth 
ore body was found below 25 feet of sandstone or quartzite and consisted of 10 
to 20 feet of shale impregnated with cuprite. Some ore also occurred on the 
fault near this ore body and was followed down for 100 feet to the fourth and 
lowest level. It was a narrow pipe-shaped shoot and ran out for some distance 
in the hanging of the fault on this level. There was only a small amount of 
this ore, which, near the South shaft, changed into very fresh limestone with 
much zinc blende and some copper (probably chalcopyrite). The Old Blue shaft 
was sunk about 100 feet below the lowest ore body, in fresh hard limestone 
without ore. 

Very little ore was found east of the fault. The South shaft struck the 
westerly end of the Detroit ore horizons. Just northwest of the Joy dike at the 
Blue shaft a little ore is mined at the present time, consisting of cuprite and 
malachite with much gypsum disseminated in shales, lying 20 feet below the iron 
stopes. 

The second level extended northwesterly from the Joy dike on the fault; it 
encountered no values except at a point 120 feet from the shaft, where a small 
amount of oxidized ores was extracted from the foot-wall side. From here on to the 
main porphyry contact practically no ore was found. The shaly limestones con- 
tained pyrite and chalcopyrite. Pockets and very irregular masses of malachite 
and azurite were, however, contained in the limestone 150 to 200 feet above this 
level, not far from the contact of the principal poi'phyry area, and they maj'^ 
well have resulted from the oxidation of these disseminated chalcopyrite ores. 
No payable ore occurred in the Humming Bird dike, but a little chalcocite ore 
was found in the Joy dike to the west of the Blue shaft. There was, unfortu- 
nately, no opportunity to examine the gangue of these ore bodies, as thej^ are 
worked out and. the stopes inaccessible; but their occurrence is so similar to that 
of the Detroit horizons that it is probable that here too the gangue consisted of 
garnet, epidote, and tremolite, with their products of oxidation. 

It is interesting to note the close relation of the ore bodies of the Detroit 
and Manganese Blue mines to the porphyry dikes and their apparent independ- 
ence of any fissures or faults. That the Copper Mountain fault is later than the 
development of the primary bodies of sulphide ore is certain, but the oxidation 
of these sulphides has taken place since the fault was formed. 
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Assuming that the relation of the ore bodies in the Manganese Blue to the 
Copper Mountain fault has been correctly interpreted, it is clear that their con- 
tinuation would be found in the eastern fault block 2i5 feet lower down vertically. 
The uppermost horizon on the west side would be continued on the east side 
about 260 feet below the surface. This is not greatly different from the position 
of the lowest ore body in the Detroit mine, allowing for a slight westerly dip. 
Exploration by diamond drill Ijciow that horizon disclosed very little ore and 
comparatively fresh limestone; also that the Humming Bird porphj-ry dike widens 
considerably in depth and perhaps sends off horizontal silts. The ^outb shaft is 
reported not to have struck anything of value below the two ore bodies of the 
Detroit mine. The space of from -200 to 3(W feet Ijetween the Detroit side line and 
the fault does not seem to have been explored very carefully, though it is clear 
that fresh sulphides, including zinc 
blende, were found in depth on the 
east side of the fault. 

Altogether it is probable that the 
continuation of the ore bodies on the 
east side consists of fresh sulphide 
ore, and that on account of their 
unoxidized character they are too poor 
for profitable working. 

EAST YANKIE MINE. 
Location- and development. — The 
southeastern corner of the Yankie 
claim contains a part of the Long- 
fellow ore body and has already been described. For 100 to 200 feet west of 
this little ore has been encountered in the deep workings, though some oarbonate 
ore was found in several places on the surface. But about halfway between the 
Detroit concentrator and the Longfellow incline, a little east of the center of the 
Yankie claim, several ore bodies have been opened which merit special descrip- 
tion. The place is known as the East Yankie mine and is situated in the little 
gulch descending toward Concentrator Canyon from Longfellow Gap. The sur- 
face elevation is from 4,700 to i,800 feet. The mine is developed by the so-called 
Bucket shaft, the collar of which has an elevation of 4,750 feet and which is sunk 
to a depth of 225 feet, four levels being turned from it as follows: Second level, 
4,703: third level. 4,630; fourth level, 4,570; fifth level, 4,505. 

The total developments amoimt to at least 4,000 feet. In late years much 
concentrating ore and some smelting ore have been extracted from the East 
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Yankie mine, and recentl}' good-sized bodies of concentrating ore have been 
developed. The amount thus far mined is small compared to that from the 
Ryerson mine, but the developments are promising. 

Geology, — The locality is one of great complication near the place where the 
quartzite fault cuts across the main porph^'^ry contact. On the south lies the north 
dike of the Longfellow mine. For 250 feet north of this follows a belt of impure 
limestone and lime shale, partly altered to epidot^ and magnetite, as shown both 
on the surface and below. A wider dike of porphyry adjoins this' on the north, 
containing inclusions of large irregular masses of quartzite. Finally from 300 to 
400 feet northward from the north dike an extensive mass of hard quartzite is 
encountered, which evidentl}^ borders against the other formations along a fault 
plane. As the quartzite undoubtedly represents the Coronado formation, and as 
the strata at Longfellow Gap are about on the horizon of the Morenci shales, 
the fault is clearly one of great magnitude, and the vertical throw is at least 500 
feet. The main mass of quartzite is well exposed in the bold bluff just north of 
Longfellow Gap, and extends as far north as the concentrator of the Arizona 
Copper Company. It is cut by several irregular dikes of porphyry which is very 
similar to that described from the Longfellow mine. A few minor faults with a 
northerlv trend are shown on the third and fifth levels about 300 feet ea«t of the 
Bucket shaft; these seem to be later than the quartzite fault and cut across it. 

Ore hodleii, — On the surface, near the mouth of' the adit on the second level 
(elevation 4,703), there is an open pit located near the contact of shale and por- 
phyry. A considerable amount of carbonate ore occurred here from the surface 
down to the second level. This level shows the effects of leaching, the walls of 
the tunnel being frequently covered with efflorescences of sulphate of copper; in 
places this leaching also shows on the third level. Below the second level for 
about 40 feet there was evidently a poor zone, but on the third level chalcocite 
ore began to appear in the porphyry that here prevails. The stopes about the 
Bucket shaft on the third level are about 80 feet long, but do not extend high 
above this level. 

The ore is a soft, whitish to yellowish ix)rphyry cut by man}" seams of quartz 
and chalcocite. In places it is very rich. Ore is almost continuous northward 
for 180 feet until a prominent east-west wall of quartzite is reached that 
seems to cut it off; a large part of it, however, is of low gmde. About 200 
feet east of the ore body at the shaft another irregular mass of similar ore 
was found, also in porphyry. Two hundred feet farther east-northeast quartz- 
ite was encountered, which in part forms good concentrating ore. A short dis- 
tance north of this point a well -defined wall of barren quartzite was met which 
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has an east-west direction and no doubt represents the continuation of the quartz- 
ite fault noilh of the Bucket shaft. On the third and fourth levels the coarse 
quartzite near the shaft widens greatly, becomes soft, and contains irregular and 
generally low-grade bodies of ore, consisting of disseminated chalcocite, generall}' 
appearing as a coating on pyrite crystals. Early in 1902 the north drift on 
the tifth level had penetmted the quartzite and was in porphyry with some ore 
which appeared partly oxidized. According to reports, this drift has since been 
continued to about 225 feet from the shaft in a doubtful, soft, and partly oxi- 
dized rock, with seams of chrysocoUa. The wall of the quartzite fault found on 
the third level, 170 feet north of the shaft, has not been recognized, but the 
character of the oxidation leaves little room for doubt that the drift has some- 
where in this vicinity crossed an important dislocation. Exploratory drifts east- 
ward along the direction of the quartzite fault have disclosed considerable masses 
of second-class chalcocite ore in quartzite and some of higher grade. 

On the whole the rocks in this vicinit}' contain much disseminated pyrite. 
The ore bodies are due to a partial replacement of this pyrite by chalcocite. 
They seem to occur entirely irregularly and do not have a well-defined shape, 
but graduall}'^ fade out into barren rock. Two lines may be distinguished, how- 
ever, converging eastward, along which the payable ore is concentrated. The 
first extends about due east from the shaft; the other follows approximately 
the line of the quartzite fault, the ore occurring in quartzite and porphyry 
chiefly on the south side of it. Exceptionally, and near one of the northward- 
trending faults which cross the quartzite fault, ore has been found on the north 
side of the latter. Surface oxidation has evidently in places penetrated as far as 
the fifth level along the line of the quartzite fault, and this encourages the 
belief that chalcocite may be found in quantity below the fifth level. 

Referring to the shoot at the Bucket shaft it will be noted that the carbon- 
ate ore extended al)out 30 feet down from the surface; further, that this was 
underlain by a poor zone perhaps 50 feet in depth. The richest chalcocite ore 
was found 120 feet below the surface, and the same ore continued in porphyry 
and quartzite for at least 130 feet to the present bottom of the mine. All of the 
pyritic so-called barren quartzite and porphyry contains a little copper, probably 
averaging one- half per cent. It is believed that the decomposition of this would 
yield enough copper sulphate to account for the chalcocite enrichment on lower 
levels. The mine is situated in a gulch where erosion is somewhat active, a 
thickness of 150 feet of the croppings having evidently been removed at a 
relatively recent date. This may account for the fact that the chalcocite ore is 
here nearer to the surface than it is under Copper Mountain. 
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MONfBZUMA MINE. 

Location, production, and development. — The Montezuma mine, which belongs 
to the Detroit Copper Comiwny, is contained within the limits of an ordinarj- 
claim, located south of the Yavapai, on the north slope of the gap between 
Copper and Modoc mountains, and at the northern portal of the Montezuma 
railroad tunnel. 

Although not one of the largest mines of the company, a large amount of 
ore has been extracted from the Montezuma, partly from flat deposits in lime- 
stone or shale, partly from fissure veins in sedimentary rocks or porphyry. 
Much of the ore has been of 

high grade. The mine does *"* Probai/^ crcpp/ng* 

not possesi) those large bodiei' ~ 






of low-grade ehalcocite ores 1?^^?^^?°?^^^^'^^^^^^ **'"-<■ «'« '*'•"' 

found on the Ryerson, Copper tTne \ -t>5doo^i'rii'^"^>,-^ 

Mountain, and other claims to 

the north and west. In 1902 

a small amount of cuprite ore 

was extracted from the stopes 

in shale along the Yavapai 

line, and very rich cuprite 

and chalcocite ore was mined 

in the southwestern comer 

from the vein, which farther 

to the southwest is known as 

the Joy vein. 

The developments consist 
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tion of 4,90i feet, 45 feet above the railroad; 90 feet below this is the so-called 
Waters shaft level, which chiefly explores the ground underneath the railroad 
tunnel; the first level of the Ryerson (elevation 4.74i<) is also extensively opened 
in this claim. The lowest level is the second of the Ryerson mine (elevation 4,ti88), 
which, however, is confined to a small space below the stopes on the Montezuma- 
Yavapai line. The total developments are approximately a mile in length. 

G&Aotjy. — Sedimentary but nmch -metamorphosed rocks occupy almost the 
whole area of the claim. The highest horizon is that of the Modo^^ (Carboniferous) 
limestones, which crop along the southern boundary of the claim; the rocks are 
entirely altered to heavy masses of garnet and epidote. Below this are extensive 
outcrops of Morcnci clay shales: they are seen all along the slopes from the gap 
down to the railroad level, and are also exposed in typical development on the 
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Waters .shaft level and even below this. This suggests that the northeasterly 
faults which dislocate the quartzite on the slope toward Chase Creek continue 
toward Montezuma, and that the clay shale has l)een raised on the south so that 
the thickness is exaggei'ated. On the tirst level, below the clay shale, lie greenish 
rocks, which contain epidote and pyroxene, and which evidently are metamor- 
phosed equivalents of the Morenci limestones that underlie the shales. Still 
lower down, on the second level, are the heavy masses of garnet, magnetite, and 
epidote, which are so extensively develoj^ed on the Yavapai claim and which 
probabl}^ represent the upper part of the Longfellow limestone. This horizon 
also contains chalcopyrite and zinc blende, intergrown with the garnet and mag- 
netite. Disseminated pyrite, as well as horizontal and vertical seams of this 
mineral, are also ver}' abundant in the shales. Beyond this the clay shales are, 
however, comparatively little affected by metamorphism, and contain only some 
secondary epidote. 

The stratification, well preserved in the shales, is horizontal or dipping gently 
westward. In the metamorphosed limestones all trace of it is usually lost. A 
number of narrow porphyry dikes of the usual Morenci type cut across the sedi- 
ments, but neither on the surface nor in the workings are they easily traced or 
connected. At the northern portal of the Longfellow railroad tunnel a dike with 
east-northeast direction is exposed; it is found again on the Waters shaft level, 
but is here consideitibly smaller than on the surface. A second dike with similar 
direction cuts across the shales on the same level 150 feet farther east, and also 
on the surface, but can not be found in the workings to the northeast of this 
point. A third and parallel dike, which is followed with considerable dislocation 
by the Montezuma vein, is only from 5 to 25 feet wide; it • probably continues 
north-northeast and is exposed in the adit level and on the tirst level below the 
railroad tracks near the gas plant. A fourth and very narrow dike with an east- 
west direction is exposed on the second level near the thick pyrite vein about 
80 feet from the Yavapai line. 

Ore hodles, — As at many other mine^ in the vicinity, the ore bodies either 
follow fissure veins or fonii flat and irregular masses in shale or Ihnestone. 

Beginning with the latter class, many small masses of ore have been exposed 
below and in the uppermost stratum of garnet rock, equivalent to the Modoc 
limestone, but nothing of much importance has been developed. This horizon 
would correspond to the upper ore body of the Detroit mine. In the northern 
central part of the claim are several open cuts and extensive horizontal slopes 
in shale 20 to 40 feet below the railroad track at the gas plant; these, which 
were exhausted long ago, occupied an area of about 125 by 400 feet. To the 
north of these, and mostly below them, are the great Montezuma- Yavapai stopes, 
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which occupy a space of 500 by '200 feet, and lie at elevations of from 40 feet 
above the Waters shaft level to 40 feet below the first Ryerson level, and from 
60 to 100 feet below the surface. These stopes also extend across the Yavapai 
line, nearly up to the shaft of the same name, and here lie about the first level 
of that shaft. In 1902 stoping was in progress below the north portal of the 
railroad tunnel. The thickness of the ore there is at most 12 feet. The ore is 
contained in a brownish, somewhat shaly, and partly oxidized rock; immediately 
above lies clay shale, and below the ore is hard, partly metamorphosed limestone. 
The horizon is thus probably in the uppermost Devonian limestone, just below 
the Morenci shale. The rock in which the ore is contained proves to consist 
of epidote and pyroxene, and is evidently an altered limestone. Narrow porphyry 
dikes occur at three different places in the stopes. 

This ore body does not connect with the stopes noted above as lying to the 
south at a somewhat higher level, but ends rather abruptly on the southeast side. 
A persistent vein of pyrites, however, follows that side and probably connects 
toward the southwest with the Joy vein. The principal ore is cuprite, occurring 
as seams and coatings on cracks; ?long with it is some malachite and brochantite 
associated with gypsum and limonite, and occasionally also a little chalcocite. 
Efflorescences of zinc and magnesium sulphates are common. In spite of its 
oxidized condition the rock in the ore bodv contains manv small, vertical seams 
of pyrite. The ore now stoped contains from 4 to 10 per cent of copper. 

The western part of the claim contains a S3'stem of veins and seams of 
pyrite and copper ores which merit more detailed description. On the Waters 
shaft level, below the northern portal of the railroad tunnel and about 100 feet 
below the surface, three narrow seams of almost solid chalcocite have been found, 
cutting through the practically barren shale with a north-northeast direction. 
The most westerly seam is partly in porphyry and appears to run out into the 
oxide stopes mentioned above. There are also a few narrow seams cutting across 
with a west-northwest direction. One of these traverses a porph^-ry dike, 30 feet 
wide, between the railroad tunnel and the Joy vein, and the ore along it has been 
stoped both in the shale and in the porphyr}-; it extends about two sets above the level. 

The main Montezuma vein, which is probably identical with the Joy vein, 
courses with an average direction of north 40^ east and dips about 80^ to the 
northwest. Its croppmgs are not well defined, but should appear in the hard 
garnet cap rock in the southwestern corner of the claim. Three hundred and 
sixty feet northeast from the southwest claim corner it splits into three branches, 
the most westerly of which is developed as a thick pyritic vein near the Yavapai 
line. 

On the level of the Montezuma adit (elevation 4,904 feet) the east branch of 
this vein is struck 160 feet from the portal and continues southwest as a narrow 
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and poor streak of pyrito in shale accompanied h>' efflorescences of chalcanthite; 
25<) feet southwest of the adit crosscut it strikes a sheet of porphyry, soon turn- 
ing into a dike, and immediately widens to i^4 feet of good chalcocite ore, which, 
however, does not extend far above the level. Less than 100 feet farther on the 
porphyr>' Ix^comes very nmch crush(»d and the ore becomes ix>orer and parti}' 
oxidiz(»d to malachite; this is 120 feet below the surface. 

On the Waters shaft level, W feet below the adit, the vein was first struck 
by a crosscut from the northwest, but at the point encountered proved to be 
barren. It has l)een followed 320 feet to the southwest corner of the claim; for 
the tirst hundreil feet it is in shale widening all along; one set above the level 
the ore is 80 feet wide. For the rest of the distance to the claim line the vein 
is partly in porphyry, generally widening in that rock and partly in shale. 
The greatest width attained is 40 feet. In general the vein may be said to be in 
porphyry between shale walls, but the jX)rphyry runs very irregularly, is faulted 
and crushed, and sometimes sends out horizontal sheets in the shales. The ore 
along this level and above it is chiefly cuprite, sometimes beautifully crystallized. 
But there is also much chalcocite, and the derivation of the cuprite from the 
chalcocite is very clearly indicated. The ore does not reach the adit level. 
Above the cuprite, malachite and brochantite are found, but the vein becomes 
almost barren a short distance above where the cuprite ore ceases. The change 
from cuprite to chalcocite takes place along the Waters shaft level. Sixty-five 
feet Ijelow the Waters shaft level and about 280 feet from the surface the 
vein has been opened b}' the first Ryerson level. It is here very well defined 
and shows 1 to 4 feet of almost solid iron pyrites in dense gray limestone with 
specks and seams of magnetite, pyrite, and zinc blende. The pyrite in the vein 
contains only about one-half per cent of copper. Chalcocite begins to appear 20 
feet above this level and the change to payable ore takes place within a few feet — 
about 20 feet above the level. At the lowest workable stope the pyrite looks 
rusty and partly decomposed, and coatings of chalcocite begin to appear. 

As stated above the vein branches northeast of the main chalcocite stopes: 
on the Walters shaft lev^el one fork turns northerly and has been followed for 
al)out 300 feet, in which distance it shows 4 to 6 inches of good chalcocite in 
shale. The continuation of the same vein, turning again north-northeast, is shown 
on the first level, where it appears as a narrow pyrite vein in dark-green meta- 
morphic rock. On the second level, about 190 feet below the surface, the same 
vein has been found, but is here up to 5 feet thick, consisting of almost solid 
granular pyrite, with a little quartz, the pyrite containing one-half per cent of 
copper. The vein is well defined with distinct walls and dips 80^ NW.; several 
stringers 1 to 2 inches wide He in the foot wall and 20 feet awa}^ from the 
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vein in the hanging wall is a branch vein up to 2 feet wide. The country 
rock on the foot-wall side is a greenish dolomitic limestone containing a few 
grains of zinc blende; close to the pyrite seams this changes to a softer rock 
containing much pyroxene and magnetite. No magnetite was detected in the vein. 
On the hanging-wall side the metamorphism increases; from this vein across 
the Yavapai claim to the West Yankie workings the prevailing rock is very hard 
and consists of magnetite, garnet, pyroxene, and pyrite, with a little chalcop3'^rite, 
all intimately intergrown. This rock shows no dependence upon the pyritic vein, 
but extends several hundred feet north of it. 

The most interesting feature of the Montezuma deposits is the vein with the 
cuprite stopes. The occurrence of so much cuprite above the chalcocite zone is 
unusual; the cause may be due to the presence of carbonaceous clay shale in the 
casing of the vein. The different ore zones are represented diagrammatically in 
fig. 10. The pyrite vein, which probably represents the primary mineralization, 
extends to within 250 feet of the surface; above, this changes to chalcocite which 
maintains itself for 50 feet and then is replaced by cuprite without native copper; 
the cuprite zone is not of great extent; at its upper limit some malachite 
is found, but for about 100 feet below the surface the vein is practically barren; 
this means, of course, that the carbon dioxide was lacking and that the copper 
has been carried away as soluble salt under the influence of solutions containing 
sulphuric acid. 

JOY MINE. 

Location^ production^ aiul development, — The Joy claim, which is one of the 
properties of the Arizona Copper Company, is situated between the Manganese 
Blue and the Montezuma mines, at a short distance southeast, of the Humboldt 
shaft. The principal deposit is contained in a strong fissure vein, which probably 
is the southwestern continuation of the Montezuma vein. The mine has produced 
a considerable amount of smelting ore from the upper levels. At the present time 
cupriferous pyrite is mined from the large stopes on the lower levels, and is used 
for the manufacture of sulphuric acid at the Clifton plant. The developments, 
which may aggregate 3,000 feet, consist of drifts on four levels almost 100 feet 
apart, the greatest depth below the surface being 440 feet. The mine is opened 
by the Joy shaft and connects eastward with the Detroit mine on the two upper 
levels. At present it is worked from the Humboldt shaft, from which crosscuts 
are extended to the several levels. 

Geology, — The surface along the croppings of the Joy vein is covered by 
compact garnet-epidote rocks, partly decomposed to limonite and quartz. Along 
the porphyry dike near the Catholic Church are exceptionally heavy masses of 
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and north of the shaft on this and deeper levels, the vein is contained in shale 
or limestone. The stopes on the fourth level reach the line of the Copper 
Mountain claim,, and in the Manganese Blue mine a heavy pyritic vein, which 
may be the Joy vein, was found on the fourth level east of the fault and . on 
the southeast side of the dike. 

South of the Joy shaft an excellent ore body was found on the Joy vein 
which extended from the first level or from 130 feet below the surface to a point 
50 feet below the second level. The ore had a width of up to 50 feet, the shoot 
being 200 feet long, and consisted of ehalcocite with native copper and some 
cuprite. Below the level indicated it turned into cupriferous pyrite. On the 
fourth level south the vein is very thick and consists in places of a mass of almost 
solid granular pyrite, 50 feet wide, with very little quartz. The wall rock is 
here a sericitized porphyry containing a little pyrite, magnetite, and zinc blende 
as secondary minerals. On the same level, at the 100-foot crosscut to the Joy 
shaft, the vein is a few feet wide and shows sevei^al thick seams of pyrite in 
partly altered limestone. About 50 feet from the vein is a considerable majss 
of epidote; then follows almost unaltered limestone again, which contains several 
narrow seams of pyrite, up to 2 inches wide, each surrounded by a zone of altered 
greenish limestone a few inches wide. Analyses have been made of fresh rock 10 
inches from one of these seams, and of the altered zone adjoining the veinlet 
(see p. 172). These analyses show that the alteration is due to replacement of 
limestone by tremolite, pyrite, and zinc blende. At the Joy shaft the limestone 
is again replaced by massive granular epidote. This point is probably not far 
from the poi-phyry. In the crosscut on the third level the porphyry begins 
close to the shaft and is adjoined by epidote rock, which farther out toward the 
vein changes into less-altered limestone; the line between epidote and limestone 
seems fairly sharp (tig. 11). 

Surface oxidation extends in places, chiefly along the walls of the vein, down 
to the fourth level, but the vein as a whole is not much oxidized below the third 

« 

level. 

The most interesting features of the Joy vein consist in the succession of the 
ores. For 130 feet from the surface the vein is almost barren; below this follows 
a 150-foot zone of cuprite, native copper, and ehalcocite, which again, 280 feet 
from the surface, gives place to cupriferous pyrite as a strong primary vein. 
The vein is partly in porphyry, partly in limestone, and offers excellent opportu- 
nities to study the character of vein alteration in the latter rock. 

Much epidote appears near the porphyry dike. The formation of this mineral 
shows no connection with the vein-forming agencies, which it seems to antedate. 
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RYERSON MINE. 

LiH:aimn and pr'iflwflon. — This mine is one of tbe most iDiportont of the 
group belonging to tbe Detroit (!opper Company. It is situated about 2.500 fett 
north of the center of the town of Morem-i, on the northeast slopes of Copper 
Mountain, descending toward Concentrator Canyon. The surface elevation at the 
shaft is about ■i.Wd feet. Smaller ore bodies near the surface have been known 
for a long time, but the great resource« of chalcot-ite ore below Copper Moun- 
tain which are o^jcned by this mine were not known until some ten years ago. 
Since then the exploitation has proceeded actively and the largest production of 
the company is now from this source. The mine probably averages over 2(N> 
tons per day of concentrating ore, besides a considerable quantity of higher-grade 
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smelting ore. Tbe ores are entirely of the chalcot^ite type, containing few metallic 
minerals other than chalcocit* and pyrit*. The very large ore re-serves indicate 
that it will remain an important producer for many 3'ears. 

Denelopment. — The mine is developed by a very extensive system of drifts 
and crosscuts on several levels, and tbe total length of the workings probably 
^gregates from ID.OOO to 15,(MH) feet. From the north access is obtained by the 
Ryerson upper and lower adits (elevations 4,989 and 4,877 feet) a.s well as by the 
adit of the first Ryei-son level (elevation 4,749). Each of these connects with 
extenatve drifts on the lodes. The eastern part of the mine is opened by tbe 
Ryerson and West Yankie shafts; the latter, just over the east line of the 
Morenci claim, is the main hoisting shaft, and its collar has an elevation of 
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4,881 feet. Three levels are turned from this shaft, called the tirst (elevation 
4,749), second (elevation 4,693), and third (elevation 4,633). On the upper levels 
connection is made westward with the Humboldt mine of the Arizona Copper 
Company. On the lower levels connections are established eastward with the 
East Yankie and Longfellow mines. From the West Yankie shaft the ore is sent 
directly to the concentrator, which is situated close by. The workings occupy a 
space of about 1,500 feet from northeast to southwest, and 800 feet in the opposite 
direction. 

Geology, — The geological relations are very complicated. The mine is situated 
on the contact of the main porphyry stock of Copper Mountain with the sedi- 
mentary area. The porphyry contains a great number of inclusions of altered 
sediments, and the limestones and shales contain many porphyry dikes, mainly 
with an east-northeast trend. Both inclusions and dikes are apt to be very 
irregular, and it is often very puzzling to connect the areas from the exposures 
on the different levels. The relations are illustrated in PI. XVIII and on the 
sections, figs. 12, 13, and 14. 

The sedimentary rocks consist of quartzite, limestone, lime shale, and clay 
shale. Most of the exposures of quarzite are found on lower levels and nearest 
to the main porphyr}- mass. The best-defined horizon is that on the third level 
north of Ryerson shaft, where the stratification is well preserved, the dip being 14^ 
south or southwest. The top of the Coronado quartzite is doubtless present here, 
and the elevation corresponds well with that of the quartzite in the Longfellow 
mine (figs. 5 and 6). But the quartzite is also found farther west in the mine; for 
instance, on the tirst level below the Ryerson adit, where it is about 100 feet 
higher. The rock is usually very hard and solid; near important veins it frequently 
contains disseminated pyrite with chalcopyrite, and within the chalcocite zone the 
pyrite crystals are coated with chalcocite. 

The horizon of the shale and limestone exposed between the porphyry dikes 
can rarely be determined and the planes of stmtification are usually indistinct, 
but from the data already given it is probable that nearly the whole of these 
rocks belong to the Longfellow (Ordovician) limestone. Probably the least-altered 
rock is that exposed near the Ryerson shaft, where it contains smaller, local, sheet- 
like bodies of carbonate ore (azurite and malachite). Along the Yavapai line the 
altered dolomitic limestones are greenish -gray, compact rocks, containing, besides 
remaining calcite and dolomite, much pyroxene, magnetite, pyrite, zinc blende, 
and chalcopyrite. Similar rocks are exposed 30 feet below the first level in the 
Red winze north of the Ryerson shaft, and at manv other places. Epidote appears 
frequently, especially in the shaly rocks. Near the lodes the rocks are often 
crushed and shaly by pressure; some diflScult}- may be experienced in their proper 
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classitication. On the Ryerson lower adit, between the Ryerson and the Humboldt 
veins, a great amount of garnet rock is found, rarely encountered elsewhere in 
this mine. This is a very hard, mottled, greenish and brownish rock, consisting 
of an intimate intergrowth of epidote, garnet, and chalcopyrite. 

On the surface as well as underground, porphyry is the pi'evailing rock, but 
throughout the area it is very difficult to find fresh specimens. As far as can be 
determined all of the intrusive rock is of one kind and may be defined as standing 
between granite-porphyry and quartz-monzonite-porphyry. The freshest rocks of 
the kind were obtained from a dike in the northwest crosscut to the Wellington 
vein from the Humboldt vein, on the first level (specimen 211). This is a hard, 
greenish-gray porphyritic rock with abundant small white feldspar crystals and 
a few small partly bleached biotite foils in a gray, flinty groundmass. The latter 
is a microcrystalline mass of unstriated feldspar and quartz, while among the 
feldspars orthoclase, albite, and oligoclase were recognized. For analysis and 
discussion of this rock, see pages 81-82. A beginning of sericitic alteration is 
observed in the feldspars and a partial conversion of the biotite into muscovite and 
chlorite has also taken place. 

As a rule the porphyry of this mine is very much altered; the feldspars are 
generally completely converted into sericite, a variety of muscovite, while the 
quartz remains unaltered. Secondary quaitz is introduced in places as micro- 
crystalline aggregates and as little seams with pyrite. The structure of the 
porphyry is frequently retained, but also often entirely obliterated. The final 
result is a whitish rock, ordinarily soft and chalky, but occaaionally, when con- 
taining very much quartz, hard and compact; it is composed of finely felted 
sericite and quartz, together with a large amount of fine-grained quartz. Pyrite 
is also present in varying quantities and occurs both as disseminated grains and 
crystals and in thin seams and veinlets. For more detailed study of these rocks 
see page 81. 

On the surface the porphyry forms light-colored blocky outcrops. The 
slopes of Copper Mountain are largely covered by debris, but near the top the 
outcrops are conspicuous and in many places show a distinct jointing, the direc- 
tion of the joints being north-northeast. The main area of the porphyry begins 
along an irregular northeast line passing close by the northwest corner of the 
Detroit concentrator. South of this, between the concentrator and the West 
Yankie shaft, appear two prominent dikes 150 feet or less wide and in general 
parallel to the main contact; west of the Yavapai shaft these join the main 
area of porphyry; they are separated by two long and narrow, slab- like areas of 
altered limestone. Both of these pass imderneath the concentrator and the outer 
one is adjoined by a narrow strip of quartzite. A few hundred feet west of 
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these several very irregular sedimentary masses are inclosed in porphyry, and 
consist of partly altered limestones, shales, and some very tine-grained quartzite. 
Two hundred feet west of the Ryerson shaft is a small area of almost unaltered 
limestone with horizontal stratification. Some of these limestone masses, notably 
the most westerly one, are flat bodies of no great depth, so that drifts below 
them are entirely in porphyry. On the several levels below these general rela- 
tions of porphyry and sediments are preserved, but with great local irregular- 
ities, giving evidence of shattering and injection of magma. The relations on 
the third and deepest level are shown in fig. 12. 

Copper viiiierah i». the rocks. — Most of the porphyry, except perhaps that 
occurring near the surface, shows a small percentage of copper, either as chalcocit« 
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or as chalcopyrite, the latter occurrence being chiefly confined to the lower levels. 
A very large proportion of the porphyry in the underground workings contains 
from one-half to 2i per c«nt of copper; this is not payable ore. The altered 
sediments, and especially the limestone partly converted to pyroxene, epidote, and 
garnet, quite generally contain magnetite, chalcopyrite, and zinc blende, even above 
the level of oxidation as applied to the porphyry, for, owing to their more compact 
nature, these rocks arc less easily attacked by surface oxidation than the porous 
porphyry. Such limestone with chalcopyrite and zinc blende is exposed on all 
of the levels, and large masses of it probably contain up to 2 per cent of copper. 
With thorough oxidation it is likely that such masses would result in more con- 
centrated payable masses of carbonate ore. Smaller sheets of such ores occur. 
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indood, &t the moutb of the Uyei^ioii shaft and ut thu tirst level uf the lower 
Rjeraon adit. In this iiiiiiy they are, however, of little economic importance. 

Vein/'. — The exploration has proved that an important vein Kytitem couroes 
l>elow the barren out^rop.f of Copper Mountain. There are four principal lodes— 
the Wellington, Ryerson, Humboldt, and West Yankie. Their direction varies from 
eaeit- northeast to north-iiorthea-st, and their dip i:s usually at steep angles toward 
the north. They are undoubtedly tissure veins of the replacement type, for they 
ai-e ehai-acterized by one or more narrow seams of high-grade ore following fault 
planes and surrounded in places by large bodies of altered porphyry with dis- 
seminated ore; the latter masses rarely show distinct walls, their limit being 
indicated by the assay value of payable ore. The veins occur in porphyry, 
shale, limestone, and qnartzite and may be productive in either of these forma- 







tions; hut by far the greater part of the ore occurs in porphyry, and the veins 
generally become barren on entering the sedimentary areas. Perhaps this is to 
be expected from what has been said about the greater resistance to oxidation 
of the metamorphosed cupriferous limestones. 

The first iode cut by the upper and lower adits is the Wellington. On tJie 
upper tunnel level this is oxidized and practically barren, but on the lower adit 
it lies in porphyry on the north side of a mass of lime shale; the latter contains 
a strong, nearly vertical vein of pyrite; the former contains a large mass of 
chalcocite ore, the slopes being i>U feet or less wide and, in places, of high grade. 
Toward the southwest the Wellington vein enters the Humboldt mine of the 
Arizona Copper Company, but toward the northeast it has been followed for 
several hundred feet on the first level beiow the lower adit; it is here chiefly in 
porphyry and contains good ore at intervals. Below the rich slopes on the lower 
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adit the first level stru<'k quartzite witli chalcocite ore, which, however, is of 
lower gi-ade. 

The next lode encountered by the upper adit is the Ryerson, wiiich liere 
appears as a very sharply defined rich streak of pyrite and chalcocite, 4 to 18 
inches wide, surrounded hy several feet of lower-grade chalcocite ore; the dip is 
70° NW., the course east-northeast. This streak has not yet been followed 
southwest into the Humboldt mine; in the opposite direction it soon runs into 
shale and becomes poor, turning into a mere pyrite seam. On the lower adit the 
Ryerson lode is pinched and poor, the ore chiefly consisting of pyrite in altered 
limestone. As wide stopes of concentrating ore were found in the Humboldt 
mine along the line of the Ryerson lode, 120 feet west of the lower adit, explora- 
tions were recently made in that direction. They disclosed a lai^ mass of 
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concentrating ore in porphyry, widening toward the line of the Arizona Copper 
Company and nari'owing to a wedge at the line of the ci-osscut of the lower adit. 
The rich seam of the Ryerson on the upper adit continues down to the lower 
adit, but at a short distance below that level encounters a mass of shale and is 
replaced by another seam between the lower adit and the rti-st level, which dips 
steeply in the opposite southeast direction. Drifting east-northeast from the 
main crosscut the Ryerson vein was found again, and has developed a mass of 
ore 300 feet long and 50 feet or leas wide, which ha-^ been stopcd halfway up to 
the upper adit, and which also extends down to the first level, though in reduced 
size. At a short distance northeast of this the level runs into the zone of sur- 
face oxidation. The Ryerson has been followed on the. first, second, and third 
levels for a distance of about 700 feet to a point 100 feet northwest of the West 
Yankie .shaft (see PI. XVIll). 
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Near the northwest corner of the Yavapai claim large stopes have been 
developed on the first, and smaller ones on the second and thiixl levels. The 
lode crosses 100 feet southeast of the Ryerson shaft, where it shows on the first 
level a.s a persistent, well-defined vein of about 1 foot of first-class ore, sur- 
rounded by 40 feet or less of concenti*ating ore. On the second and third levels 
the vein is equall}' well defined as to strike and dip, but contains more pyrite. 

The Humboldt lode is the most important one in the mine. The upper adit 
developed it near the line of the Humboldt vein and exposed an enormous mass 
of concenti-ating chalcocite ore, 200 feet or less wide and 300 feet long, which 
reaches as far as 70 feet above the level where it encounters the oxidized zone. 
The rock is a thoroughly altered porphyry containing a few horses of shaly 
limestone. The Humboldt vein, properly speaking, is formed by a well-defined 
streak of rich chalcocite ore from 1 to 4 feet wide, coursing east-northeast and 
dipping 70^ to 80^ NNW. The foot wall is generally a well-defined plane. On 
the north side, 200 feet from this fissure, is another also containing rich chal- 
cocite ore, but dipping in the opposite direction. The great mass of concen- 
trating ore is confined between these two rich streaks. On the lower adit this 
mass has contracted considerably, but still contains a large amount of concentrating 
ore, especially on the southeast side. The northwest vein is here poorer. This 
chalcocite ore extends down to within 30 feet of the first level, but here the rich 
streak of the Humboldt lode changes within a few feet to a strong vein of massive 
low-grade pyrite and chalcopyrite with some zinc blende, in places several feet 
wide, with well-defined walls of greatly altered porphyry. Occasionally bunches 
of chalcocite ore are found along it. As shown by the northeast drift on the first 
level the Humboldt vein continues beyond the big stopes, but swings more north- 
northeasterly. After a barren interval it has been exposed on the lower adit, first, 
second, and third levels, near the northwest corner of the Yavapai claim, where 
it appears to cross the Ryerson vein. The stopes extend for 500 feet with a width 
of 40 feet or less. They are richest on the first level up to a point 60 feet above 
it, where surface oxidation begins, but they are also continuous and rich on the 
second level along the so-called Black stopes. The vein continues down to the 
third level with good foot wall and stopes 10 feet wide of fair, and in places 
higl^-grad®? clvalcocite ore. Up to a jKjint near the northwest corner of Yavapai 
claim the vein on this level follows a porphyry dike, but here it breaks across 
an area of shale with porphyry dikes and becomes impoverished. The vein has 
been followed on the second level to a point 300 feet northwest of the Ryerson 
shaft. Be^'ond this point the surface descends and the drifts approach the 
oxidized zone. 

The fourth lode is the West Yankie. It follows the important porphyry 
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dike, which courses east-nortbeast about 100 feet south of the concentrator, and 
which may be traced across the Yarapai ground. This lode is, in fact, rather a 
porphyry dike impregnated with chalcocite and pyrite than a well-defined fissure, 
although it contains several fairly well-defined streaks of high-grade ore. The 
concentrating ore is 60 feet wide on the - second level and about as much is 
exposed on the third level. The stopes extend several sets above the second 
level. This lode continues productive into Yavapai ground. 

DUlui'ati&iifi. — Evidences of movement along the walb of the fissures in the 
way of striation and slickensides are not uncommon, and the crushed condition of 
the material near the veins and in the great ore bodies indicates the great stress 
which caused the sbatteriag. The dislocations along the veins do not, however, 
seem to have )*een extensive, and the principal dynamic action seems to have 
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taken place before the primary ore deposits were formed. In a few pW-es 
movements have taken place since the deposition of the chalcocite, but they are 
slight and show no dislocations of importance. 

Ore^ and their distributuM.^^h.fi ores worked at present in the Ryerson mine 
contain chiefly pyrite and chalcocite. In part these minerals occur along well- 
defined fis-sures with at least one excellent wall, sometimes showing slickensides. 
This wall is usually in the foot of the ore. In part they occur in disseminated 
form or in irregular veinlets in the sericitized and bleached porphyry. The 
foi-mer class is often of very high-grade, sometimes indeed massive, chalcocite; 
the latter may exceptionally be of high-gnule, but ordinarily forms low-grade, 
concentrating ore. The pyrite is granular and very rai-ely crystallized. In some 
P&yXh of the mine the vein consists almost entirely of this granular pyrite, with 
which is intergrown some chalcopyrite and zinc blende. Very little quartz occurs 
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with it, the only other i^ngue consisting of little streaks of porphyry altered to 
sericit(» and (juartz. This type of vein indicates ver\' clearly its origin by replace- 
ment along almost closed fissures. Comb and ribbon structures are absent. As 
mentioned al)Ove, the veins are most strongly developed in the softer porphyry 
and are apt to pinch in shale and limestone. 

The chalcocite is deep black, dull or earthy as to appearance, gives a shin- 
ing streak, and even when purest usually shows grains and remaining masses of 
pyrite. It is secondarj' throughout and is deposited b}- replacement of pyrite 
according to the processes outlined on page — . Every gi-ade of chalcocite ore ma}^ 
be found, from varieties in which pyrite entirely predominates and the chalcocite 
simply appears as thin films coating the yellow grains, through richer ores, in 
which the chalcocite appears as a network pervading and replacing the iron disul- 
phides, to almost solid, dull-black masses which contain only occasional grains of 
pyrite scattered through it. For illustrations of thet^e occurrences see PI. XIV. 

The normal richer concentrating ore consists of a soft chalky porphyry with 
occasional little narrow seams of chalcocite running irregularly through the mass, 
more mrely parallel to the wall of the vein. In the poorer gmdes both pyrite 
and chalcocite are visible. 

Three zones may be distinguished, iti which the occurrence of the ores differs 
very materially, and these zones are within certain limits dependent upon the 
surface configuration. 

The uppermost division, reaching down to 100 or at most 200 feet below the 
surface, may be called the zone of oxidation. In porphyry the immediate surface is 
usually practically barren — that is, it contains less than one-half per cent of copper. 
The rock consists of a brownish hard porphyry made up of sericite and quartz. 
A cellular or cavernous stnu^ture is not common, nor is there any unusual amount 
of limonite. The outcrops of the veins can very rarely be traced over the rough 
surface of Copper Mountain; this is largely due to the lack of any consider- 
able amount of gangue minerals in the veins. When the veins are contained 
in shale copper carbonates, limonite, and cellular quartz maj' occur. At a very 
short distance })elow the surface pyrite appears, however, and continues down 
to the lower level of the zone; it is rusty and partly decomposed, but much of 
it remains intact. Drifts in this zone soon become covered by eflSorescences 
and incrustations of chalcanthite (CuSO^+SHgO), and seams of this mineral may 
appear in the rock. The quartz seams, less apparent in the rock at lower levels, 
become more prominent in this zone. Little seams of malachite and brochantite 
occur in places, but as a rule the carbonates and basic sulphate are lacking, as are 
cuprite and native copper. Within this zone the assay values run from nothing 
up to 2 or 3 per cent of copper. 
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Below this zone of surface oxidation comes the zone of the chaicocite; the 
depth of this is not fully ascertained. In the Humboldt vein in the western part 
of the mine it is about 250 feet, while near the northwest corner of the Yavapai 
claim it is considerably more and certainly exceeds 300 feet. 

In the West Yankie mine the limit is fairly well defined, the chaicocite ore 
ceasing about 30 feet above the first level, the line seemingly being about parallel 
to the surface. In the eastern part of the Ryei*son vein the line of oxidation 
descends, as does the surface. But the lower level of the chaicocite zone here 
shows considerable iiTegularities. As shown in fig. 16, which is a longitudinal 
projection of the Humboldt vein on a vertical plane, the chaicocite ceases on 
the first, second, and third levels along a nearly vertical line, the change from 
chalcocitic to pyritic ore being on all three levels effected within a distance of 
two or three sets. At a short distance east of this point the chaicocite ore 
descends below the third level. The richest ore is generally found at a short 
distance below the line of oxidation; in the lower levels of the chaicocite zone 
there is decidedly more pyrite than' in the upper parts. In only one place, in 
the so-called Black stopes on the second level of the Humboldt lode, was chalco- 
pyrite found associated with chaicocite. As this ore body was worked out at the 
time of the examination no definite information is available as to the relation of 
the two minerals. In shale or lime and between the ore shoots in the porphyry 
almost pure pyritic ore may be found within the chaicocite zone. Very quartz- 
ose alteration of the porphyry, as, for instance, that obtaining in certain parts 
of the Ryerson vein near the shaft of the same name, has an unfavorable influ- 
ence on the conversion of pyrite into chaicocite. 

This process, by means of which the cuprous sulphide was formed, is accom- 
panied by a slight deposition of quartz or chalcedony and kaolin. As far as 
known no sericite is formed, this process belonging exclusively to the primary 
alteration of the porphj^ry by the vein-forming solutions. 

In the third and lowest zone the ore minerals consist of pyrite with some 
chalcop3^rite and brown zinc blende, partly in almost solid veins, partly dissem- 
inated through the bleached porphyr3\ This ore is of comparative!}' low grade, 
though payable ore shoots of chalcopyrite might well be encountered in this 
zone of primary mineralization. The ore in the deepest zone shows no evidence 
of secondarj' changes, but as its exploration is still very limited, it is difficult 
to speak of it with as much confidence as of the chaicocite zone. 

YAVAPAI MINE. 

Locati/m^ production^ and devdopinent. — ^The Yavapai mine, which belongs to 
the Arizona Copper Company, occupies a triangular area equal to half a claim, 
and is on all sides inclosed by the properties of the Detroit Company. It is 
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situated on the railroad line between Morenci and the Detroit Company's concen- 
trator, near the east portal of the railroad tunnel. In spite of its small size it 
has yielded large quantities of ore, and is far from exhausted at the present 
time. It has produced about 40,000 tons of first-class ore and 80,000 tons of 
concentrating grade, thus showing an unusually large percentage of smelting ore. 
In 1903 the mine averaged 898 tons of first-class and 1,670 tons of second-class 
ore per month. 

The mine is developed by about 3,000 feet of drifts and winzes. The surface 
elevations westward on the slopes of Copper Mountain attain 5,000 feet, and the 
main Yavapai shaft, 180 feet deep, has an elevation of 4,863 feet. The two main 
levels are turned at 118 and 183 feet below the collar, and extend in all principal 
directions. In 1903 the shaft was sunk to a depth of 283 feet. The western 
part of the claim is explored by the Yavapai tunnel, 18 feet above the shaft 
level, as well as by a drift on the first level following the Ryerson boundary line. 

Geology, — The rocks consist principally of greatly metamorphosed sediments. 
The east part, as far as the Yavapai shaft, is occupied by hard, dark-green 
metamorphosed limestones, now chiefly consisting of epidote, garnet, pyroxene, 
magnetite, pyrite, and chalcopyrite in intimate intergrowth, a little calcite 
remaining between the grains. These are exposed on the surface, though there 
greatly oxidized. Large outcrops of epidote are seen in the eastern part of the 
claim. On the bottom level, 100 feet below the surface, the rocks ai'e extremely 
fresh and hard. In the western part, as far as explored, the limestones are not 
so much altered, though pyroxene, magnetite, pyrite, zinc blende, and chalco- 
pyrite are generally disseminated through them. The color is greenish gray and 
they generally effervesce freely with cold acids. The stratification can rarely be 
ascertained satisfactorily and the exact horizon is in doubt, though the rocks 
probably represent the Longfellow limestone. 

In the western part of the claim, which is near thie main mass of Copper 
Mountain porphyry, there is great complication on account of branching por- 
phyry dikes, which include between them irregular masses of altered limestone. 
Considerable diflSculty is experienced in connecting the bodies exposed on the 
various levels. Most of the porphyry is altered to sericite and quartz and con- 
tains disseminated pyrite. The fresh rock is doubtless of the normal Morenci 
type, frequently described above. Three hundred feet northwest of the Yavapai 
shaft are outcrops of two dikes, which are 20 to 30 feet wide and probably 
represent the continuation of the north dike of the Longfellow mine. Under- 
ground, on the second level, in the eastern part of the claim, however, these 
dikes could not be found, and are probabl}' locall}^ pinched. But 200 feet north 
of this point is a larger dike, referred to as the West Yankie dike. This is 
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150 feet wide and passes by the Detroit Copper Company's concentrator; at a 
short distance north of the Yavapai shaft the North and West Yankie dikes 
appear to join and continue as one toward the southwestern corner of the Yavapai 
claim. The shale and limestone to the northwest are cut by a number of nar- 
rower dikes with a general east-northeast direction. On the surface, however, 
much more porphyry is exposed than imderground on the tunnel level and on 
the first level, so that it must be assumed that the relations are somewhat as 
shown on fig. 15. 

Ore hodies. — The ores of the Yavapai claim consist chiefly of softened and 
sericitized poiphyry with disseminated pyrite, in which the latter is partly or 
wholly replaced by chalcocite. The best ore bodies have formed lOO to 200 feet 
northwest of the shaft, at the point where the two dikes meet, and the richest 
ore occurred 100 to 150 feet below the surface. The stopes begin along the line of 
the Yavapai and the West Yankie mines, and extend, though not entirely- unbroken, 
a distance of 350 feet toward the southwest. The width is from 10 to 50 feet, 
sometimes even 100 feet, corresponding to the width of the West Yankie dike, 
and the ore is as a rule confined to the porphyry. Seams of chalcocite and pyrite 
containing very little quartz are common in the dikes and are usuall}^ parallel to 
their direction; sometimes they form brecciated zones. The altered limestone also 
contains many vertical seams of pyrite which usually do not contain ^ny copper. 
In the extreme western part of the claim, on the first level, 200 feet below the 
surface, the porphyry dike was found to contain a strong 10-inch seam of pyrite 
and chalcopyrite, which a few sets above widened to 10 feet of excellent chalco- 
cite ore. 

On the second level the same kind of ore is found, but as a rule contains 
more pyrite. Along the West Yankie line good ore has been stoped by the 
Detroit Copper Companj^ on the third level, or 60 feet below the second level of 
the Yavapai, and it is probable that on this part of the Yavapai claim the chal- 
cocite ore will attain at least the same depth. The distance to the surface is 
here less than in the western part of the claim. 

In the extreme northwestern corner, on the tunnel level, the stopes of the 
Humboldt lode fall partly within this claim, but on the lower levels the dip of 
this ore body will probably cany it outside of the lines. 

The Yavapai mine thus contains bodies of chalcocite ore of considerable width, 
chiefly occurring in the many porphyry dikes which traverse the claim. There 
is less indication of well-defined fissures than in the Ryerson, though frac*tured 
zones are found in places. The porphyry dikes contained disseminated pj'rite, 
which descending sulphate solutions have replaced by chalcocite. 
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HUMBOLDT MINE. 

Ijiciitiim, jyrinlu't'ioii. •mil ilfi-rflopiii'-iif. — The Humboldt mine, which i,-* the 
principnl nouree of production of the Arizohit Copper Company in Morenci. is 
located in the center of the town at the southeastern foot of Copper Mountain. 
l>elow the crest of which the principal workings are located. The large bodies of 
cbalcocite ore l)elow the barren cropping-s on Copper Mountain were discovered 
about ten yearw ago. and have been worked continuously since that time. They 
contain, it is stated, many millions of tons, as far as shown by present develop- 
ments. L'p to May. \%fZ, the Humlwldt mine is reported to have produced "T.tXKl 
short tons of firat-clai«.s ore and 6"2ti.5oo tons of second-class ore. The output in 
1902 was approximately ftK) tons of aecond-clais ore per day: thi.-! includes the 
Fairplay and Humboldt mine.-i. 




The ore Is divided into first class, containing down to 4 per cent copper: 
second class, ranging from 4 to 3 per cent or even to 2} per cent; third class, from 
2i to 2 per cent, the latter taken out only when found in development work or 
when occurring with higher-grade ore under conditions necessitating \ia removal. 

The main workings are contained within the horizontal space of an equilateral 
triangle with a side of 1,000 feet. On the south and east the mine is adjoined 
by the Ryerson and Copper Mountain mines, and on the north, by other property 
of the Arizona Copper Company that extends for a long distance outside of the 
nmin productive area. The developments aggregate several miles in length. 
The uppermost level is the Liverpool tunnel (elevation 5,076 feet), starting from 
the northwest side of Copper Mountain and developing the lodes between the 
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Fairplay and the Ryerson mines. The Hum})oldt tunnel (elevation 4,898 feet) 
enters from the southeast side of Copper Mountain, 182 feet below the Liverpool 
level, and opens the same territory with a straight crosscut tunnel, 1,650 feet long, 
having a trend of N. 60^ W. Between the two is an intermediate stope level 
(elevation 4,962 feet). Near the portal of the Humboldt tunnel is the shaft of the 
same name, 400 feet deep, the lower levels opening the Joy vein. The first level 
(elevation 4,799 feet) opens the Humboldt mine by a crosscut 1,300 feet long 40 
feet south of the Humboldt tunnel and parallel to it. This was the lowest level 
of the Humboldt mine in 1902, but in 1903 a winze was sunk 100 feet below it, 
in the center of the ore body. 

Geology, — ^The ore bodies of the mine are located in the main porphyry area 
only a few hundred feet northwest of the contact with the altered sediments. 
The porphyry contains, however, many small detached masses of metamorphosed 
limestone and shale. The prevailing rock in the Humboldt mine is a bleached and 
pyritic quartz-monzonite-porphyry. Fresh rock occurs very rarely, and a large 
part is completely altered to sericite, quartz, and pyrite, chalcocite being usually 
associated with the latter mineral. On the southeast side of Copper Mountain 
an irregular mass of metamorphosed sediments separates a dike>like porphyry 
area (corresponding to the ''Arizona Central dike" in the descriptions of Copper 
Mountain mine) from the principal stock of porphyry. The lower part of this 
sedimentary mass consists of shaly limestone with epidote, magnetite, and other 
metamorphic minerals, while the upper pai*t is a peculiar hard, fine-grained 
quartzite of light color, sometimes very difficult to separate from the silicified 
porphyry. Along the Humboldt level appears much greenish shale, probably 
corresponding to the shale member of the Morenci formation. The smaller areas 
near the lodes consist of lime shale and harder limestone, and are sometimes 
blocks bounded by faults. Southeast of the Humboldt shaft, on the first level, 
the rocks consist of irregular masses of garnet and hematite in lime shale; 
on the two lowest levels in the same direction there is much epidote, together 
with less altered lime shale. On the whole, intense but irregular metamorphism 
characterizes the sediments between the Arizona Central and the Joy dikes, the 
latter coursing a few hundred feet southeast of the Humboldt shaft. 

In the southwest part of the mine porphj-ry prevails, while in the opposite 
direction, near the line of the Ryerson mine, irregular masses of partly metamor- 
phosed limestones with pyroxene, magnetite, and epidote, but rarely garnet, appear. 
Quartzite was noted in two or three places on the lowest level. While it is not 
possible to establish the stratigraphic relations, it is probable that all of the 
metamorphosed strata belong to the Morenci and Longfellow formations. The 
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age of the fine-grained quartzitic rock on the southeast slope of Copper Mountain 
is in doubt. 

The porphyry of Copper Mountain contains, as stated, throughout its mass, 
pyrite in disseminated form and as veinlets, but this pyrite has been entirely 
oxidized at the surface and even the resulting brown iron ore has been largely 
carried away. Below the surface and down to a depth of KX) to 200 feet the rock 
contains abundant seams of limonite, together with partly decomposed pyrite. 
Below the depth mentioned the limonite becomes much less conspicuous, though 
in places partly oxidized pyrite may be found on the lowest level. The oxidation 
of the metamorphic rocks proceeds very irregularly, almost fresh rocks being 
sometimes found close to the surface, while again smaller masses of reddish-brow^n 
oxidized sediments may occur on the lowest level. Seams of p^^rite, chalcop^^rite, 
and zinc blende in disseminated form are also common in these rocks. 

Lodes and their ore hodies. — Broadly speaking, two lodes meet in the Hum- 
boldt mine. Neither of them has well-defined croppings or gossan, the outcrops 
consisting of yellowish porphyry with irregular quaitz seams and very little 
limonite. This rock is entirely sericitized, but is hard by reason of the great 
amount of quartz in it. The first is the Wellington lode, which has a direction 
of N. 25^ E. and an almost vertical dip; the second is the Humboldt lode, with 
a well-defined foot wall, especially on the upper levels, an east- northeast strike 
and a steep north -northwest dip. At the place where these lodes meet ver}- large 
masses of ore, in some cases over 200 feet wide, are formed. To the southwest 
of the junction the Wellington lode continues into the Copper Mountain mine, 
while the Humboldt lode continues as a less distinct system of stringers until it 
joins the Faiiplay vein. Stopes are almost continuous all along the lodes from 
the line of the Ryerson mine to the point where the lodes meet. The larger but 
isolated mass of ore in the Eagle stopes on the Humboldt level is not clearly 
connected with any of the known fissure sj^stems. The fissures cut through the 
metamorphic rocks as well as the porphyry, but in the former they are rarely 
productive, the softened porphyry being evidently the most favorable ground for 
the ore. Most persistent is the Humboldt foot wall, traceable for 2,000 feet 
through the Ryerson and Humboldt mines. The veins usually consist of one or 
several central seams of high-grade ore, surrounded by large masses of low-grade 
ore. The rich seams consist of pyrite, containing more or less chalcocite, but 
very little quartz. Frequently they are bounded by well-defined planes, with 
evidence of movement, and may also be traversed by slips parallel to the walls. 
The wall rock immediately adjoining the rich seams is in some cases converted to 
almost pure kaolin. On both sides of these seams extends a mass of sericitized 
porphyry, of varying width, containing little seams and grains of chalcocite. To 
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this ore there are no well-defined walls, but they graduall}^ fade out into material 
too lean to constitute ore. Could 2 per cent ore he made payable, the width of 
the ore bodies would be very much increased. In places the porphyry contains a 
large amount of chalcocite. On the Humboldt level a mass of ore was found which 
contained 25 per cent of copper, and had a width of 20 feet and a length of 50 
feet. The Wellington and Humboldt veins have proved to be of about the same 
richness. The best ore is probably found on the Humboldt level. Though rich 
ore and wide stopes are found on the first level, the ore is more pyritic in character. 

In this mine, as elsewhere, the chalcocite gives clear evidence of its secondary 
character. It is deposited on the pyrite, beginning as slight black films and 
gradually replacing the mineral entirely. Scarcel}^ any ore minemls other than 
pyrite and chalcocite are known from this mine. In the upper levels of the 
chalcocite zone green films of malac^hite and probably also brochantite are counnonly 
found, but in no place do they form important ore minerals. 

Faulting. — The Copper Mountain fault cuts across the southwestern part of 
the Humboldt mine, but seems to break up into several forks with the same geneml 
northwest direction and northeast dip of 50^ to 70^. These fault planes show 
evidence of dislocating the seams and ore bodies, but definite evidence as to the 
direction and extent of the movement is not obtainable. There are also, in this 
mine, several strongly marked zones of brecciated porphyry, which are parallel to 
and belong to the same class of disturbances as the Copper Mountain fault. 
Included fragments of chalcocite ore show that the faulting movement took place 
after the chalcocite was formed. This evidence is in harmony with that from 
the Copper Mountain mine. 

On the Liverpool level the well-defined chalcocite seam of the Wellington lode 
runs up against the fault 100 feet southwest of the main crosscut, but the 
exposures give no clue to the amount of the throw; continuing the drift in the 
same direction, another seam begins 50 to 60 feet west of the fault. As in 
the Copper Mountain mine, the fault separates good milling ore on the west 
from barren porphyry on the east, though a low-grade ore again appears on the 
same level, 100 feet farther east. On the stope level a fault with northwest 
direction and northeast dip of 70^ is well marked and lies between stopes 9 and 
4 in the general direction of the Copper Mountain fault. The fault planes 
strike N. 50"^ W. and dip 06^ to 70^ NE. An included mass of quartzite here 
forms the foot wall, while porphyiy is in the hanging wall. Several small 
horses of lime shale have been dragged in on the fault. The faulted zone is 
about 15 feet wide. Minor planes, close by, with the same northwest direction, 
repeatedly fault a small seam of chalcocite, 2 inches wide. On the Humboldt 
level occurs a strong fracture approximately in the trend of the fault. Adjacent 
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to the Eagle stope and beyond to the northwest is a strong brecciated zone. 
The development on the lowest level has not extended far enough west to 
determine the continuation of the fault at this depth. ^ 

LOWER LIVERPOOL TUNNEL. 

On the slope from the Liverpool adit down to the main branch of Concentrator 
Canyon much chrysocolla is noted as coatings and seams in porphyry, and a well- 
defined line of prospects extends down to the gulch, a distance of 900 feet from the 
Liverpool adit. A lower tunnel has l)een started 180 feet below the upper adit, on 
the same level as the Humboldt tunnel. Driving due south this tunnel has exposed 
a well-defined vein of rich chalcocite ore up to 18 inches wide, dipping 70° W. 
First appearing 100 feet from the portal, this vein follows the tunnel for 400 feet 
and then becomes less distinct. It is the intention to extend this tunnel level in a 
northerly direction, starting from the opposite side of the gulch, and explore the 
country^ underneath the Clay group of clainrLs, on which some encouraging surface 
indications have been found. 

CARASCO GROUP. 

Going up Concentrator Gulch westward from the mouth of the Liverpool 
tunnel a persistent system of joints may be noted in the porphyry, striking north- 
east and dipping 45^^ NW. On some of them a little ore has been found. At 
Carasco mine a shaft 180 feet long on the incline has been sunk at an angle of 20°,' 
following the dip of the joint planes; stopes are extended northeast and southwest 
from the incline, and the ore consists of disseminated chalcocite in porphyry. In 
other shallow workings close by to the south the ore follows another set of joint 
planes dipping due west. The medium-grade chalcocite ore found at this locality 
almost reaches the surface, an unusual occurrence in this vicinity. 

COPPER MOUNTAIN MINE. 

Situation^ lYroduction^ and development. — The mine is situated in the center 
of the town, the principal outlet being the lower tunnel, which enters on the 
railroad level immediately back of the Detroit Copper Company's store, at a mine 
elevation of 5,115 feet, corresponding to a true elevation of 4,874 feet. Extending 
in a northwesterly direction for 1,000 feet the tunnel runs almost 500 feet below 
the western crest of Copper Mountiiin. By means of this tunnel several irregular 
carbonate deposits in limestone and the Arizona Central vein have been opened. 
These are described, the former under the heading of the Manganese Blue, the 
latter under that of the Arizona Central mine. In the northwestern part of the 
Arizona Central claim the Copper Mountain tunnel has opened a large mass of 
chalcocite ore in porphyry, and it is this occurrence which is described below. 
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As shown on fig. 8, there are above the Copper Mountain adit three levels — 
stope level, upper adit, and Kimball tunnel, the latter 250 feet above the main 
tunnel. The stope level is not directly connected with the surface. The production 
of concentrating chalcocite ore from the great stopes in the Copper Mountain 
mine amounted to about 65 tons per day in 1902. The ore reserves are very 
considerable. 

Geology, — A distance of about 700 feet separates the Arizona Central vein 
on the lower adit level from the main ore bodies below Copper Mountain. 
Within this distance are several areas of hard inetamorphic limestone, and, next 
to the main body of porphyry, some quartzite. These evidently are irregular 
large included masses which separate the Arizona Central dike from the main 
mass. The stratification and geological horizon of these metamorphic rocks are 
not easily deciphered, but they probablj' belong to the lowest jmrt of the Long- 
fellow formation. The metamorphic rocks l)etwcen the two porphj^ry dikes of the 
Manganese Blue mine without doubt belong in the upper part of the same forma- 
tion; hence an upturning disturbance has probably taken place next to the main 
porphyry mass. The metamorphic rocks and the porphyry between the two ore 
bodies on the tunnel are largely hard and fresh, but the porphyrj^ contains pyrite 
and is sericitized in places, while the metamorphic limestone, besides epidote and 
pyroxene, contains disseminated pyrite, magnetite, chalcopyrite, and zinc blende, 
which, as a rule, show no oxidation. The lower limit of oxidation in the meta- 
morphic rocks runs ver\' irregularly, often ceasing 50 feet below the surface; 
occasionally it descends far deeper. Thus, near the boundary' between the Copper 
Mountain and the Humboldt mines, on the stope level, 350 feet below the surface,^ 
a bunch of cuprite and copper carbonates oc<iurred associated with a small mass 
of limestone embedded in porphyry. 

Ore bodies, — Near the end of the tunnel a good-sized body of sericitized 
porphyry with disseminated pyrite coated with chalcocite was found. This 
expanded greatly on the stope level above, the stopes reaching 100 feet in width. 
On the upper adit the ore is almost as wide, and on the Kimball tunnel the 
chalcocite bearing soft porphyry is almost 200 feet wide, the ore, however, not 
extending high above that level. From the surface down for 100 feet and for 
200 feet immediately below the crest of the mountain the ground is leached, 
containing partly oxidized pyrite with a little limonite, malachite, and brwhan- 
tite. The immediate surface consists of hard light - brownish porphyrj' with 
quartz seams and a very small amount of limonite. 

This great body of ore is richest on the three upper levels and grows gradu- 
ally more pyritic near the main adit; on this level the stopes are only 20 to 30 
feet wide, but increase to 100 feet a short distance above. Though the porphyry 
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is abundantly seamed with chalcocite and pyrite, there are few central veins or 
seams such as are normalh- found in the great ore bodies of Copper Mountain. 
The lode has been followed with narrowing width of concentrating ore on the 
stope level nearly to the side line of the claim, and here — to the south of the 
main adit— a well-detined rich chalcocite seam 14 inches wide appears; it strikes 
N. 15- E. and dips 7o- E. 

The ore body is usually considered to be a part of the Humboldt lode, but 
it is more probable that this ore forms the extension of the Wellington vein, 
which crosses the Humboldt vein 300 feet northeast of the Copper Mountain 
stopes. 

As in most of the porphyry lodes, we notice here two zones — first, that of 
surface leaching, 100 to 200 feet deep; second, that of the chalcocite ore, here 
about 300 feet deep. Its lower limit has not yet been reached, but probably does 
not lie far below the level of the Copjx^r Mountain tunnel. * 

FAIRPLAY VEINS. 

The Fairplay veins, which belong to the Arizona Copper Company, are located 
on the west side of Copper Mountain, not far below the summit. They have 
been developed b\^ about 3,000 feet of drifts from the Fairplay tunnel (elevation, 
5,096 feet, or 20 feet alK)ve the Liverpool level) and the Humboldt level (eleva- 
tion, 4,890 feet), 200 feet lower. On the northwestern vein three stopes of concen- 
trating ore up to 40 feet wide have been opened on the Humboldt level, and a 
considerable amount remains to be taken out. The mine was not worked exten- 
sivelv in 1902. 

Practically all of the workings are in porphyry, which is bleached, cemented 
by silica, and contains disseminated pyrite with chalcocite coating. 

The principal Faii'play vein, best exposed on the Humboldt level by the 
long Humboldt-Fairplay tunnel, strikes M. 20-' E. and dips about 70^ NNW. 
It has been followed for 700 feet, and lies about 300 feet north of the Wel- 
lington lode, with which it is strictly parallel; it is the most northwesterly 
of the great Copper Mountain nystem of lodes. The Fairplay vein is deter- 
mined by a strong fissure, which is followed by one or several seams of 
chalcocite and pyrite associated with an unusually large amount of quartz 
and having a thickness of up to 8 inches. In places the vein is surrounded 
by soft porphyry containing veinlets of chalcocite, forming second-class ore. 
The depth below the surface on this level is about 360 feet. Stringers branch 
at both ends of the vein in a northeast direction. Elast of the main vein, at 
a distance of 150 feet, lies another chalcocite seam surrounded by milling ore. 
Four large stopes are opened on chalcocite ore along the Fairplay vein, the 
largest being 100 feet long, 35 feet wide, and at present 160 feet high.^ 
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Two hundred feet above this level the same vein is exposed by the Liver- 
pool tunnel; it carries chalcocite here also, but appears to contain less ore than 
below. The main vein extends up to a northwesterly trending dislocation (a 
branching part of the Copper Mountain fault) on this level, but can not be 
traced across the Liverpool tunnel. On this level are noted two strong east- 
northeast fissures with 16 inches or less of chalcocite, dipping from 52^ to 68- 
NNW., which form the connection of the Fairpla\' vein with the Humboldt lode. 

LONE STAR TUNNEL. 

The ground below the high porphyry ridge in the western part of Morenci 
district has been explored by means of the Lone Star tunnel, which opens prop- 
erties of the Detroit Copper Company. The east portal of the tunnel is situated 
in the west branch of Morenci Canyon, and is 800 feet west-southwest of the 
Arizona Central shaft. The general direction of the tunnel is west-northwest, 
though its eastern end makes a strong bend to the south; its length is about 
2,700 feet, and it pierces the ridge entirely, emerging at the head of Gold Gulch 
on the west side. The elevation is 4,949 feet above sea level (PI. XVIIl and 
fig. 18). 

The eastern portal is in partly altered lime shale, which, at about 50 feet in, 
changes into decomposed porphyry. At a distance of 235 feet from the portal 
hard and massive quartzite is encountered, the contact being marked by an 
important dislocation striking nearly northwest and dipping 7i.P NE. A con)- 
parison with the surface geology shows that this dislocation is identical with 
the important Apache fault, along which farther south a vertical movement of 
several hundred feet has occurred. The amount of the faulting movement can 
not readily be determined at this point, but the relation of the areas on the sur- 
face would rather indicate a lesser displacement. The foot wall of quartzite is 
well exposed from the surface down to 100 feet below the tunnel level. Contact 
breccia of porphyry and quartzite several feet in thickness is occasionally' found 
on the tunnel level along the fault, which is also marked by a strong clay seam. 
Bunches of cuprite ore occur all along this fault plane from the surface down, 
and fair, though not very wide, bodies of pa^^able ore have been found in a drift 
southwest of the tunnel. This is one of the few instances at Morenci of copper 
ores occurring on one of the principal faults. 

Quartzite continues for 290 feet west of this fault, and considerable quantities 
of it have been stoped for the purposes of converter lining. At the distance 
mentioned the quartzite is replaced by porphyr}^ containing many quartz seams 
and disseminated pyrite. This porph^^y continues through the tminel to the 
western portal. 
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Eight hundred feet from the mouth a well-defined vein is crossed striking 
north-northeast and dipping 80^ ESE. This vein is also exposed on the surface 
300 feet above the tunnel level. It contains a sharply defined seam of dull- 
black chalcocite, in places surrounded by a fair amount of second-class ore. 

About 1,200 feet from the portal are encountered a series of stringers and 
small veins, which continue for 500 feet, or to a distance of l,7oo feet from the 
mouth. Up to this point the porphyry is soft and parti}' sericitized, with many 
little stringers of quartz and pyrite and stains of sulphates. Be\'ond this point 
it is much fresher, and shows little evidence of mineralization. These veins no 
doubt represent the western extension of the Fairplav and Butler fissures, but 
the amount of pa^'able ore thus far encountered is small. There are five or six 
of them within a distance of 500 feet; they course north-northeast to northeast 
and dip northwest at steep angles. The tunnel cuts them 800 to 400 feet Inflow 
the surface. At least three of them show several inches of rich chalcocite ore, 
and in one 5 feet of payable ore is exposed. 

Among these veins is one so entirely different from the ordinary type of 
Morenci deposits as to necessitate special mention. It is a vertical veinlet 4 
inches thick, consisting of a quartz-filled fissure with comb stioicture and drusy 
cavities coated with crystals. The associated minerals are pyrite, zinc blende, 
and chalcopyrite, the two first-named minerals also occurring as crystals in the 
druses and vugs. 

BUTLER TUNNEL. 

The main porphyry ridge west of Copper Mountain is opened by the Butler 
and London tunnel, both claims being the property of the Detroit Copj>er Com- 
pany. The south portal is situated on the north side of the gulch, opposite the 
Lone Star tunnel and 700 feet west of the Arizona Central shaft. It pierces 
the ridge entirely and its north portal is found near the head of the main west 
branch of Concentrator Can^^on, almost due north of the southern entrance. The 
total length of the tunnel is 8,200 feet; it does not run straight, but makes a 
sharp bend to the west. The elevation of the tunnel is 4,949 feet, or 62 feet 
higher than the collar of Arizona Central shaft. The Butler and London veins, 
each carrying smaller ore bodies, have been exposed by this tunnel. 

The tunnel entew into an area of quartzite of irregular outline, bohlering 
on the north against porphyry; the contact is irregular and evidently intrusive. 
This hard massive quartzite, which contains several porphyry dikes, continues 
for 320 feet from the portal. On the second level of the Arizona Central, which 
also has been pushed forward in this direction 200 feet below the tunnel level 
to a point a short distance north of the Butler vein, this contact is met about 
150 feet farther south, showing that the porphyry' dips below the quarzite. 
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Porphyry thus begins 320 feet from the south portal and continues the whole 
distance to the north portal. To a point 800 feet from the south portal the 
porphyry is sericitized throughout, also containing pyrite seams and copper stains. 
For the next 900 feet, about the main bend in the tunnel and about 400 feet 
below the surface, the poi-phyry is fresh without quartz seams and pyrite. In 
part it is blocky and hard, with well-developed joints dipping steeply southwest — 
an unusual direction of jointing for this region. In part it seems somewhat dis- 
integrated, showing a tendency to form rounded blocks; this type of porphyry 
corresponds well with that on the surface above, described on page 80. It is a 
light-gray rock, with white, closely massed feldspar crystals and scattered green- 
ish foils of biotite. The groundmass is coarsely microcrvstalline, consisting of 
orthoclase and quartz; the porphyritic feldspar crystals consist of orthoi^lase, 
albite, and oligoclase. The rock may be classed as a granite-porphyry or a 
quartz-monzonite-porphyry. Some 1,200 feet from the north portal sericitization 
and veinlets of pyrite and quartz begin again and continue to the mouth. 

The Butler vein, which evidentlv forms the continuation of the svstem of 
northeast fissures on the Fairplay claim adjoining on the east, and which is here 
the only representative of the great Copper Mountain vein system, is met at a 
distance of 640 feet from the south portal. No croppings are seen corresponding 
to it on the surface. It shows in the tunnel as two narrow fissures, about 10 feet 
apail, dipping 40° to 60"^ NW. The principal and southerly one shows inches of 
pyrite and chalcocite. It has been developed by an incline reaching down to the 
extended second level of the Arizona Central, HiM) feet below tunnel level, and shows 
here a good foot wall with striation and gouge. The vein itself is about 1 foot 
wide, and consists of massive pyrite with quartz and a little chalcocite. There is 
practically no ore outside of the vein proper. The dip is 50"^ NW. This point 
is about 380 feet below the surface. 

Two hundred feet from the northern portal the London vein is cut; it shows 
a well-defined wall striking northeast and dipping 30^ NW., along which lies a 
streak of pyrite with chalcocite, in places rich in copper and 5 feet or less wide. 
The London vein belongs to the Carasco system of joints and veins, which is so 
extensively developed at the head of the western branch of Concentrator Canyon. 
In the last 15 feet of the tunnel surface decomposition has ^nelded nmch limonite. 

ARIZONA CENTRAL MINE. 

Location^ jprodiictwn^ and developjnent. — The Arizona Central, which is one 
of the important producei*s of the Detroit Copper Company, is situated in the 
western branch of Morenci Canyon, on the outskirts of the town. The steep 
hill slopes rise above the shaft somewhat like an amphitheater, the summits of the 
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O^i^fMjy, — The principal feature near the Arizona C-entral mine i> tbe km^ 
dike-like mass of porjAvri* fronj 2?«>.« to i*«>« fe»et wide, wbkh exteini* in a Donb- 
we*?terly direction. It connect* in two plajne*? witb ti#e main porjAvrr masi«* of 
Copper Mountain, but i* ^efiarated from it by loii^ area* of altered liiiie>tODe. 
shale, and quartzite. .*everal hundred feet wide. Tbe porpbvrr of tbi* dike i* of 
tbe normal Morenci type, approaching granite poq>hyTj in t-ciiiipo^ition: it i* 
light colored and generally altered by di?!t*eminated pyrit**, serieite. and qoartz 
Heun^. On the northea^t thi^ dike-like mass extend* y>« ft*t beyond the Coj^per 
Mountain fault; on tbe southwest it reaches !.>«•> feet from tbi* fault, halfway 
up the dinde toward Gold Gulch« where it i* suddenly cut off Ity tbe Apache 
fault and separated from the m«n porphyry by two smaller irr^ukr ar^as of 
quartzite. 

On tbe southeast side of this dike, near the Arizona Central shafU tbe sedi- 
mentary rock consists of a hard dark-green shale, breaking in sharp fragments, 
with seams of pyrite. streaks of epidote, and frequent green copper stains. This 
shale in places shows a stratification dipping gently westward, and should in all 
probabUity be referred to tbe Morenci formation. 

An offshoot of the main dike crosses the railroad track 3(iC» feet east-southeast 
of the shaft. Hiis dike is ore bearing, and good stopes have been developed 
on it from near the surface to the second level. About the same distance to the 
southeast crops a smaller dike with an east-northeast strike. Though only partly 
exposed on the sur&ce, this seems to correspond to the Williams vein, a dislo- 
cation following a narrow dike on which large stc^ies have been opened on tbe 
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first, second, and third levels. Toward the west this dike probably joins the 
main porphyry mass. 

The long crosscuts on the second level have developed moderately altered 
shale on the northwest side of the Arizona Central porphyry dike, dipping 30^ 
south. The southeastern crosscut to the Hudson vein has also shown the presence 
of a large m&ss of hard black shale on the southeast side of that dike. Thi> shale 
does not seem much altered and dips south i-egularly at 15^. 

On the south side of the gulcli, opposite the shaft, the sedimentary' roi*ks 
consist of lighter-colored shales and very tine-grained quartzites of uncertain 
horizon, and the contact l)ecomes very jagged and broken. On the northwest 
side the porphyry is adjoined along a regular contact by an area of lime shale 
and limestone. This is in part altered to epidote, magnetite, and pyritic minerals, 
but in places only contains abundantly disseminated magnetite, pyrite, and chal- 
copyrite. This should probably be identified with the Longfellow formation: 
for it appears to rest conformably with moderate southern dip on thick ma^ive 
quartzite, which no doubt represents the Coronado formation. This quartzite, 
a few hundred feet wide and 800 feet long, is adjoined on the northwest by 
the main porphyry area of Copper Mountain, which borders against it with 
intrusive contact. 

The Apache fault crosses the Arizona Central dike 1,050 feet west-southwest 
of the shaft of the mine: its course is N. 40^ to 50- W.: its dip 60-^ to 70^ 
NE.: it is crossed bv the Lone Star tunnel, and its northerlv end has l)een 
descril>ed under that heading. On the surface it shows porphyry in the lianging 
wall and quartzite in the foot wall, '.:ut crossing the southerly contact of the 
Arizona Central dike it enters an area of much-altered shale, and then continues 
through the gap near the Eagie Creek water tanks down into Apache Canyon. 
Southeast of this gap the dislocation is great, for it brings the Cretai»eous shales 
on the east side against the Longfellow limestone on the west, which indicates a 
drop of the northeast block of about 8(K) feet. What the amount is at the mine 
can not be determined, for the horizons of the sediments near this place are 
uncertain and the intrusion of the porphyry has disturbed the strata greatly. 
The vertical dislocation is prol>ably less than farther south. The horizontal dis- 
location must be small, for the contact lines of sediments and poiphyry are 
almost unaffected by it. The northeast block here, too, represents the down- 
thrown mass. The quartzite area which forms the foot wall is of small extent 
and evidently is an included mass in porphyry. A parallel dislocation indicating 
a tendency to step faulting is noted on the surface 300 feet northeast of the 
main fault. This tendency is still more emphasized in the mine levels. Twelve 



284 



COPPEB DEPOSITS OF CLIFTON-MOEESCI DISTRICT, ARIZONA. 



hundred feet west-southwest of tbe shaft a peculiar dislocation occurs, starting 
from the hanging wall of the Apache fault and continuing for a few hundred 

i • 




feet N. 80° W.; it shows a narrow shattered KOne of shale between two walls, 
outside of which on both sides ia porphyry. 
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From the Arizona Central shaft to the Copper Mountain fault a dislocation 
follows the southeast contact of the big dike, and the course indicated is that of 
the Arizona Central vein. It apparently antedates the Copper Mountain fault, 
for the latter throws the contact 70 feet to the south horizontally, and the vein 
is also cut off by it. 

Croppings consisting of copper carbonates in shaly rocks occurred along both 
contacts of the Arizona Central dike for 500 feet northwest from the shaft. Ore 
w^as found both in porphyry and lime shale. 

Croppings of the Williams vein are noted in shale and porphyry 200 to 3(X) 
feet east of the shaft. They consist of copper carbonates contained as seams in 
the rocks. 

Arizona Central lode. — As stated above, this lode follows the nearly vertical 
fault slip on the southeast contact of sedimentary rocks and porphyry from near 
the Arizona Central shaft, where it seems to join a branch of the Williams lode, 
to the Copper Mountain fault, a distance of nearly 1,200 feet. The lode is not 
known with certainty east of the Copper Mountain fault. Some poor chalcocite 
ore occurs, however, on the first level of the Humboldt mine 500 feet farther 
northeast along the same contact. This may possibly represent the extension of 
the lode. 

The surface along the line of the lode rises rather rapidl}'^ about 130 feet 
northeast of the main shaft and then runs off about horizontal to the fault. 
The lode is opened in the Copper Mountain mine by the first adit, which starts on 
the railroad level just back of the Detroit Copper Company's store (elevation 4,870 
feet), cuts across altered limestone, and reaches the well-defined slip separating 
this limestone from the porphyry about 130 feet from the portal and 100 feet 
below the surface. Stopes of chalcocite ore in porph^'^ry, 30 feet wide, have 
l)een developed here, but do not reach far above the level. Drifting northeast 
the ore continues, though poorer, for 100 feet to the two great clay-covered 
northeast-dipping slips, which here represent the Copper Mountain fault. Imme- 
diately beyond the fault a very important change appears; the porphyry becomes 
barren, stained with limonite, and has the appearance usually observed near the 
surface. Taken in connection with the known downthrow on the northeast side, 
which farther southeast along the fault amounts to 225 feet vertical measure- 
ment, this would seem to indicate that the fault occurred subsequently to the 
formation of the chalcocite zone. As from other reasons it seems probable that 
the fault occurred before the eruption of the Tertiary lavas, that zone would seem 
to have a very considerable age. Explorations by drifts on the Copper Mountain 
fault on the first and second levels of the Manganese Blue mine (mine elevations 
4,741 and 4,684 feet), have thus far failed to find the northeastern continuation 
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of the vein. As-suminc^ a horizontal dislocjition along the fault line (shown by 
the position of the contact line on each side of the fault) of 70 or l>o feet, and 
a vertical throw of 225 feet, the continuation of the lode as it appears on the 
first adit should \^e found 35 feet l>elow the second level at a place along that 
level 8<>0 feet distant from the northwest boundary line of Copper Mountain 
claim. 

The Arizona Central lode ha^j also been encountered on the first level of the 
Manganese Blue mine 138 feet Ijelow the first adit of Copi)er Mountain. 

The contact slip is developed as alxjve and stands nearly vertical, but there is 
only a small amount of ore along it. The vein follows the contact continuously and 
consists chiefly of a streak of p^rite up to 1 foot thick which contains a little 
chalcocite. A little to the ea.st of the first adit level a considerable amount of 
copi^er carlx)nates were found in the lime shale adjoining the slip: irregular 
masses of azurite, malachite, as well as partly oxidized magnetite, occur frequently 
in the altered lime shale and limestone within IW feet of the contact slip. The 
vein has been crosscut on the second level of the Manganese Blue mine 190 feet 
below the first adit and 270 feet southwest of it, but while this has disclosed the 
contact and the dike in the proper position, the porphyry is fre^h. hard, and 
pyritic. and the slip on the contact is not well defined. The sedimentary rock 
adjoining the dike is here brownish limestone with seams of pyrite and zinc 
blende. It is partly replaced by tremolite, serpentine, pyrite, and quartz. 

Between this point and the Arizona Central shaft the contact slip has been 
found in many places on the first and second levels of that mine. Its strike is due 
northeast, its dip being from 70^ NW. to nearly vertical. The sedimentary rock 
is apt to be very hard and greatly altered, now consisting chiefly of magnetite, 
garnet, pyrite, chalcopyrite, and zinc blende. Streaks and veinlet« of pyrite and 
chalcocite parallel to the contact slip occur in the porphyry, and large amounts of 
concentrating ore have been developed in places, especially on the first level, which 
is from 100 to 200 feet below the surface. The second level, 170 to 250 feet below 
the surface, contains good ore in places and several rich chalcocite seams in por- 
phyry, but the ore is on the whole more pyritic than on the upper level. The 
stopes are in places 60 feet wide and almost entirely confined to the porphyiy. 
WUUartiH lode. — ^The principal stopes of the Arizona Central mine occur along 
the Williams lode, which is situated 200 to 300 feet south of the shaft, and which 
has been opened on the first and second levels for a distance of about 1,000 feet. 
Between the shaft and the Williams lode a spur of the latter was encountered 
which seems to follow a porphyry dike in shale. Stopes extend on this almost 
to the surface. On the third level neither vein nor dike is visible in the hard 
contact-metamorphic rock here prevailing. 
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On the first level much shale was encountered below where porphyry of the 
main dike appeared bn the surface. The Williams lode was cut 220 feet south of 
the shaft and has been followed 5CM) feet west-southwest; the eastern part is 
mainly in shale, though a little porphyr}" appears in places, the ore consisting 
chiefly of disseminated chalcocite with a considerable amount of native copper. 
Near the faults of the western part of the mine the vein enters the main porphyry 
dike. In places the stopes are 70 feet wide, though usually less; they do not 
extend to the surface, though they sometimes reach 50 feet above this level. 

On the second level the lode widens greatly and much more porphyry is 
present than on the first level. Around the shaft the porph3'ry appears leached 
and contains no ore. A crosscut to the south, mainly through shale, encountered 
the Williams lode 300 feet south of the shaft, where it has been opened for 400 
feet in an east-northeast direction to a point below the railroad trac*k. The ore 
is here up to 24 feet wide, shale appearing in both walls, and ix)rphyry coming 
in here and there. The vein matter seems to be crushed shale and porphyry, 
the ore consisting of cuprite, native copper, and chalcocite; there is very little 
azurite and malachite. On the intermediate level, about 50 feet lower, similar 
conditions obtain; there is evidence of strong shearing, the rocks being chiefly 
shale with a narrow streak of porphyry along the vein. The stopes on this level 
are small. Toward the west this main branch of Williams lode has been followed 
for 400 feet up to the faulted zone, bending slightly more to the west-southwest. 
Stopes up to 20 feet wide have been worked on it in places. The rock is chiefly 
shale. About 75 feet north of this streak another line of parallel stopes has 
been opened, which continues up to the faulted zone. This contains both shale 
and porphyry and seems to lie on the south contact of the main porphyry dike. 
Toward the faulted zone porphyry prevails. In a way this may be considered 
as the westerly extension of the spur mentioned above, or of the Arizona Central 
lode. The stopes are in places 100 feet wide and the ore is of the same character 
as above stated. A third drift parallel to the others has been opened in the 
porphyr}- about 75 feet farther north and some chalcocite ore developed along it. 

On an intermediate level, 60 feet below the second level, drifts along the 
Williams lode show shale with narrow streaks of porphyry in places along the 
vein. Evidences of strong sheeting and shearing are plentiful. 

Going west the porphyry widens, and near the fault the stopes are 100 feet 
wide and contain soft white porphyry with disseminated chalcocite and some 
native copper. Seventy-five feet back from the first fault, at the contact with 
the metamorphic rock, which here contains much magnetite, stopes of cuprite ore 
were found, some of the cuprite coating the corroded magnetite in fine crystals 
and being associated with limonite. Similar cuprite stopes were found on the 
lowest level. 
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Near the south side of the ore on this level a vein of native copper is 
encountered. It occurs as a massive, almost vertical seam, striking N. 60^ 
E., and in places contains 8 inches of massive copper. A little chalcocite and 
cuprite are associated with it, as well as some fine-grained quartz. Some 20 
tons of native copper had l>een extracted from this vein at the time of my visit. 
Later on the vein was found on the third level, 40 feet below, though in less 
massive form. To the west this seam, as well as the ore in general, is cut off 
by the faults described more in detail below. 

On the third level conditions are materially different. Driving southward in 
porphyry hard metamorphic rock is encountered 100 feet from the shaft and con- 
tinues to a point below Williams lode, which thus far has not been found on 
this level. This rock consists of an intimately intergrown granular mass of garnet, 
epidote, magnetite, chalcopyrite, zinc blende, and pyrite, in places also associated 
with pyroxene. A prominent slip, striking northeast and dipping 45^ NW., 
was observed below the Williams lode. In the. hanging wall a hard rock was 
found, consisting of alternating streaks of epidote, tremolite, and pyrite, while a 
softer shale occupied the foot wall. Near this point the drift contained much 
magnetite, in places intergrown with quartz. Drifting due west at an angle of 
30^ with the Williams lode disclosed the presence of a large body of almost pure 
granular magnetite which has been stoped for a distance of 150 feet and a width 
of 40 feet, the material being used as flux in the smelter. This body of almost 
solid magnetite, lying at an angle of 30" with the Williams vein, reaches up to 
the intermediate level, 50 feet above, with decreasing width; below, a winze sunk 
in the center of the stopes struck shale in 30 feet. 

The magnetite has no distinct walls, but gradually changes into normal meta- 
morphic rock on both sides. In places it contains a little chalcopyrite. In a 
distance of 200 feet west from the place where the magnetite was first met the 
drift following it gradually enters into a shaly rock, which continues, cut by two 
dikes of fresh porphyry, to the first fault of the Apache fault zone. Following 
this the drift turns south and runs into mineralized porphyry with a few narrow 
streaks of chalcocite and disseminated native copper. At 120 feet from this bend 
the seam of native copper mentioned under the description of the intermediate 
level was struck, but was somewhat less massive than it was above. On the west 
side of the fault the porphyry is barren, but drifts to the east in the direction 
of Williams lode developed good chalcocite ore in altered porphyry, which 30 to 
60 feet east of the fault changes to rich cuprite ore on the contact of shale and 
porphyry and largely in the shales. Still farther east, near the big magnetite 
stopes, the metamorphic rocks become barren. A winze sunk 77 feet in this red 
cuprite ore entered altered limestone with some chalcopyrite at a short distance 
below the level. 
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Faulted zone. — About 5(K) feet west-southwest of the shaft the drifts following 
the Williams lode encountered a strong faulted zone (fig. 18). On the surface, 
as indicated and described above, courses the Apache fault, along which it is 
known that a considei*able downthrow has taken place on the east side. The line 
of drifts as extended cuts this fault at an angle of about 63^, and thus the pro- 
jection of the fault on the section is somewhat flatter than the actual dip of the 
plane. The Apache fault has been cut underground in the Lone Star tunnel, as 
described above, and is projected on the section. In the Arizona Central mine 
it has probably not been cut as 3'et. The first level encounters quartzite, as indi- 
cated, and nearly in the proper position for the Apache fault, but no dislocation 
separates the two. The fault should be found about 30 feet west of the contact. 

Two or three parallel faults lie in front of the main one and are probabl}' 
step faults belonging to the same system. No indication of the total amount of 
the vertical dislocation has been found. In a smaller fault associated with No. 3 
fault, on the second level cutting across a quartzite-shale contact, a downthrow 
of the east side of 1 foot was actually measured. The two principal front faults 
have been found on all levels; as a rule they carry little ore, though small 
quantities of cuprite and chalcocite ma}' be found on them. As to the Apache 
fault, it contains some good ore on the surface and in the Lone Star tunneU and 
may well be found productive in depth also. The faults dip to the east and do 
not differ much in strike from the Apache dislocation. On the first and second 
levels there is also a strong fault, appearing as a rolling slip, the strike of which 
is parallel to the drift (N. 73^ W.); no ore appears on this. On the first level 
drifts west of fault No. 1 and north of the plane of the section encountered 
blocks of quartzite dipping 30^ southeast and bounded by dislocations. This 
quartzite contains small bunches of chalcopj'rite. On the intermediate level 
metamorphic shale and magnetite with chalcopyrite have been encountered on the 
east side of fault No. 1 and north of the section. Some of this has been stoped 
as it contained 5 per cent of copper. 

On the first level chalcocite ore continues across fault No. 1 up to No. 3, 
though the payable material is not equall}' distributed. The porphyry is white, 
soft, and sericitic, containing irregular seams of chalcocite and pyrite. This ore 
continues down in places, but on the second level the space between the faults is 
divided by a smaller dislocation (No. 2) into two parts, the part between Nos. 1 and 
2 being barren, while concentrating ore appeal's between Nos. 2 and 3. On the first 
level the rock west of fault No. 3 contrasts remarkably- with that to the east, 
the porphyry being somewhat disintegrated, with limouite and little pyrite seams 
surrounded by quartz zones, but no chalcocite, and appearing in general as if 
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having been .subjected to surface oxidation. This would indicate that the block 
between the Apache fault and No. 3 had subsided relatively to that l)etween 
faults Nos. 2 and 3; this would, however, contradict the evidence of settling on 
the east side alluded to above and confirmed by the known general downthrow of 
that side. 

Further explorations of the block next to the Apache fault on the deei)est 
level will probably elucidate these (|uestions. 

I/vd^fm I'eln, — This is exposed on the second level of the Arizona Central by 
a long crosscut southeast from the Williams lode; black shale dipping 15 S. or 
SW. intervenes between the two, the distance l)eing 430 feet. The Hudson 
vein, which has been drifted on for 200 feet in a southwest direction, courses 
N. 40'^ E. and dips 60^ NW. It is a w^ell-detined fissure breaking through black 
shale, a dike of fresh porphyry 50 feet wide lying a short distance awa}^ in 
the foot wall. The vein is up to 6 feet wide, and contains bunches of quartz, 
crystallized p3'rite, zinc blende, and some cuprite in the cinished shale. Between 
the Williams and Hudson veins the shale contains flakes of cuprite and one 
narrow but well-defined vein striking north-northeast and dipping 50^ SE.; the 
ore is similar to that of the Hudson vein, both being different in character from 
the ordinary type at Morenci. 

Conehmims, — The relations of structure, composition of rocks, and distri- 
bution of ore at the Arizona Central mine are very complicated, and to be 
adequately described would require much more space than is here available. 
The difficulties are increased by the inaccessibility of the extensive old stopes 
and workings. Contacts of porphyry and sedimentary rocks run extremely 
irregularly and, in the lowest level, masses of hard metamorphic rock, with much 
magnetite and some pyrite and chalcopyrite, project into the porphyry. A line 
of dislocation cut off by fault No. 1 no doubt extends along Williams lode and 
conditions the occurrence of the main ore bodies, which, however, by secondary 
formation of chalcocite are apt to spread far beyond this line, especially in the 
porphyry. Toward the east-northeast the lode runs into the prevailing shale and 
the ore bodies are narrower. On the lowest level the fissure has evidently not 
been able to maintain itself in the hard metamorphic rock, though the ore appears 
again in the porph^^ry near fault No. 1. There is no reason to believe that the 
great mass of magnetite and the scattered chalcopyrite in the metamorphic rock 
are at all due to the vein-forming agencies. The}' are doubtless due to the general 
contact metamorphism. 

Though the large ore bodies chiefly occur in porphyry, pa^^able ore is also 
contained in the shale; cuprite is very apt to appear in these stopes. The 
Hudson vein is a good example of fissures accompanied by ore occurring directly 
in the shale. 
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The ores of the Williams lode nearly reach the surface in the east part of 
the mine, and on the whole tlie line of surface oxidation lies higher than in 
Copper Mountain. A very interesting feature is also the universal occurrence of 
native copper, sometimes also cuprite, with chal(!Ocite, down to a depth of over 
300 feet below the surface, far below the line w^here the direct influence of 
surface oxidation is noticeable. Unless bodies of hard metamorphic limestone 
are again found below the bottom level in the west part of the mine, a continu- 
ation of the chalcocite zone is to be looked for at a depth perhaps 100 or 200 
feet greater. There is little doubt that eventually' pyrite will replace the 
chalcocite. Another interesting feature is that in some places the metamorphic 
rock has contained enough chalcopyrite to constitute payable ore. The develop- 
ments should at any rate be pushed to the Apache fault, and it is not impossible 
that payable ore may be found west of it along the general direction of the 
Williams lode. 



CIIAPTKR VII. 

GOLD (UiEEK ]^ASIX. 

TOPOGllAPIIY. 

In connection with the (lold Creek l)a.sin may be described the slopes toward 
Eagle Creek from the divide near Morenci. which (Mnbrace th(» dminage Imsin 
of (lold Creek an well as a few shorter gulches north and south of it. 

Heading at the |)orphyry ridge northwest of Morenci, which has an elevation 
of from 5,<MMI to 5,5(X) feet, (lold Creek runs southwesterly, and after a course 
of 4 miles empties into hMgle Creek Canyon at an elevation of about 8,()00 feet. 
Its watershed contains 5 or i] scjuare miles. The descents near its head are 
8teep but b}' no means inaccessible; lower down the topography l)ecomes less 
pronounced; somewhat irregular ridges, up to 500 feet high, are separated by 
little gulches with rapidly sloping sides, the whole forming a moderately hilly 
and extremely barren landscape. On the north side the trend of the ridges is 
northerly, while on the south side it is prevailingly southwesterly. 

A mile and a half from its head Gold Creek is joined by Pinkard Gulch, 
which heads in Coronado Ridge, 2 miles northward. Still farther down it is 
joino<l by Silver Creek, a small tributary from the south. Near the point of 
juncture the small but abrupt canyon opens as the watercourse emerges from the 
older rocks into the open lava- tilled valley of Eagle Creek; nearing the latter 
trunk stream, however, a canyon of dilferenl type, narrow and with nearly 
perpendicular walls, l>egins, and the junction takes place in a picturesque gorge, 
600 feet deep, excavated in the rhyolite tuffs which filled the basaltic Tertiary 
>^lley of Ekigle Creek. Similar descriptions apply to the short gulches north 
and south of Gold Creek. 

GEOLOGY. 

ROCKS. 

GraniU'. — Granite is exposed only in the upper part of Pinkard Gulch, north 
of the Cayuga fault, and at the head of Gold Gulch southwest of the bench- 
mark 6,370 at the southern end of the Coronado Ridge. A small area is also 
exposed by faulting li miles northwest of the point where Gold Creek emerges 
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into the lava-filled valley. It is of the usual coarse-grained reddish type, con- 
sisting chiefly of quartz, orthoclase, and perthite. Near the head of Pinkard 
Gulch, three-fourths of a mile below Las Trajas prospects, it contains locally an 
unusual dioritic modification. 

Sedimentary series. — Thfe Coronado quartzite (Cambrian) is exposed in several 
detached areas near the head of Gold Creek, usually surrounded by porphyry. 
Heavy beds of the same formation are brought up on the north side of the Cayuga 
fault and connect with the great quartzite block of the Coronado Ridge, which 
dips west at angles of from 10^ to IT*^. The thickness of the formation at this 
point seems to be at least 300 feet. 

The Longfellow limestones (Ordovician) are extensively exposed between Pink- 
ard Gulch and the lavas of Eagle Creek, the dip being generally southwesterly 
from 20^ to 30^. The rocks form heavy benches of light-gray or brown, massive, 
more or less cherty limestones, and in several places contain characteristic flat 
gasteropods. 

The Morenci shales and associated limestones have been observed at only one 
place in the foothills of Eagle Creek Valley, 1 mile northwest of Gold Gulch, 
where they are underlain by the Silurian limestone on the north and adjoined 
by porphyry on the south. At the same place there is a small amount of the 
lowest limestone bed of the Modoc formation (Mississippian). Many of the 
isolated limestone areas surrounded b}' porphj^ry are diflicult to place, but 
probably chiefly belong to the Longfellow formation. 

North and south of the lower part of Gold Gulch is a series of alternating 
sjindstones and shales, forming irregular areas almost entirely surrounded by 
porphyry. With some confidence these strata are referred to the Cretaceous as 
belonging to the same formation so extensively exposed a few miles southwest 
of Morenci. Along the foothills of Eagle Creek the two areas in fact connect. 
The dip is variable and frequently shows great disturbances, but is chiefly to the 
south and west at angles up to 20^. Frequent dikes of porphyr^^ are contained 
in it. 

Porphyry, — Porphyry of the Morenci tj^pes occupies nearly the whole of the 
upper valley of Gold (iulch, and is also intimately mingled with sedimentary 
rocks as stocks, sheets, and dikes on the lower slopes toward Eagle Creek. 
Unlike the porphyry between Morenci and Metcalf, the rock does not form pre- 
cipitous outcrops, but crumbles easily to fragments, forming a sandy soil, and 
giving the area a light yellowish-gray color. At the head of Gold Gulch, toward 
the Morenci divide, the rock is rusty and shows indications of mineralization by 
quartz cementation and pyritic dissemination. Otherwise it is not much altered 
though greatly disintegrated. 
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'Ih»' laiyer ixii-t of tin* |)or|>hyrv is of the Morenci typn*. It contains small 
tifi't r |#>.4'|y riijif^>«*d white andesino crystals, small and not very almndant quartz 
|iL#'fi#H ty-r-. and M-ant foils of Mack mica, all of which are emf)edded in a grayish 
;rroiiiidrna-- of micnK-rystalline structure, consisting chiefl}' of quartz and 

A- pnyJuct* of static li3'dro-metan)orphism, epidote, chlorite, and some sericite 
fhsnv*' dir»,«'lo|¥*d in varying amounts. In the foothills toward Eagle Creek and 
'j^t ih^ ridgi"» Miuth of (lold (iulch a type of diorite-porphyry without quartz 
lA>^u*/f:r\ffth and with increasing amounts of hornblende and biotite is more 
<tii$$Uiou. \Sy increasing ferromagnesian silicates, this, in a few places, forms 
ir^uii'it'um*^ into dark-green fine-grained porphN-ries. This diorite-porphyry forms 
iUt' tiimi\ii*\'u <mk1 of the great stock of Morenci and Metcalf. It connects south- 
ward, by a dike breaking across the ridge of Cretaceous rocks, with the laccolithic 
fiiMiM» ttp[Mmring \\ miles south-southwest of Morenci. On the southwest side, in 
lUi* (iold (fulch iHiHin, it borders against Cretaceous quartzite and shale, as well 
ttb Cumbrian quartzite and Silurian limestone, with extremely complicated contact, 
and contains a great number of detache<l sedimentary fragments. The complica- 
tion reaches its maximum along the lower part of Pinkard Gulch. A detached 
and also very irregular area of diorite-porphyry adjoins the Imsaltic foothills of 
I^^agle Creek and also contains a great number of sedimentary' areas of irregular 
or slab-like form. 

J>lafp(ute. — A single smaller mass of this rock was found in Pinkard Gulch 
half a mile above its mouth. It probably occurs as a dike in the prevailing 
porphyry. 

Contact met<iviorphisia. — The Morenci porphyry produces a distinct alteration 
wherever it comes into contact with the shales and limestones, but in the Gold 
Gulch drainage this alteration or contact metamorphism is less marked than at 
Morenci. The Cretaceous shales and sandstones on the ridge south of Gold Gulch, 
as well as in the area crossing the lower part of that watercourse, are, as a rule, 
not highly altered, the changes consisting in a hardening or baking of the shales 
to compact black aphanitic rocks. This is sometimes, as on the high ridge 
southwest of Morenci, attended with a considerable development of epidote 
and magnetite. Garnet is not known to occur. The Silurian limestone, where 
bordering against the main area of Morenci porphyry, is always affected to some 
degree, though there may be considerable variation in the intensity of the altera- 
tion. This change rarely extends verv far from the cx)ntact, and the interior of 
the large areas of Longfellow limestone is entirely unaltered. An isolated area 
of limestone on Gold Gulch, just above the mouth of Pinkard Gulch, is very 
largely altered into epidote and magnetite with copper stains and pyrite; garnet 
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also occurs in lesser amount. In Pinkard Gulch the limestone is locally altered 
to t^arnet neiir porphyr}' contacts. At the Soto tunnel, driven on the same t^ulch 
1 mile above the mouth, a porphyry dike has induced contact metamorphism in 
the same limestone, with development of j^rnet and epidote. 

As at Morenci, the diorite-porphyry induces very little altemtion, which rather 
seen)8 to he proportional to the amount of quartz contained in the intrusive rock. 
The slabs of limestone embedded in the diorite-porphyry along the Eagle Creek 
foothills north of Gold Gulch show no contact-metamorphic action. 

STRUCTURE. 

The scdimentar}' rocks in the lower (Jold Gulch basin dip to the southwest, 
more rarely to the west or south, at angles varying from 10^ to 30 , and this 
dip holds with surprising regularity even where the rocks are greatly torn by 
porphyritic intrusions. The porphyry is irregularly jointed, but shows no schis- 
tosity or sheeting. While the relation of the porphyry to the sedimentary rocks 
look very complicated, it is clear that the principal intrusions have taken place 
parallel to the planes of sedimentation, and that the porphyry largely consists of 
sills and laccoliths dipping westward like the strata. This relation is perhaps 
what a great stock breaking up through granite and encountering a thick sedi- 
mentar}^ series would be expected to produce; under sufficient pressure the magma 
would natumlly be pressed into the more easily opening joints of the planes of 
stratification. 

The irregularity of structure in the Gold Gulch basin is therefore more the 
result of intrusive action than of faulting. There is, however, some evidence of 
the main epoch of faulting, which succeeded those of intrusion and mineraliza- 
tion. An important fault with a downthrow on the south side of several hundred 
feet crosses Pinkard Gulch at the Soto tunnel, which in fact is driven on the 
contact of granite and limestone, between the great fault block of Coronado 
ridge and that of Gold Gulch. This fault is traceable with decM'easing throw for 
about a mile westward. On the east it is in line with the fault-separating granite 
and (juartzite above the Longfellow incline, but is not traceable across the inter- 
vening area of porphyry. It may be more likely that it bends slightl}' northward 
and crosses the head of North Fork of (iold Gulch at the Producer copper 
prospect, where porphyry is separated from granite by several well-marked 
fissures dipping 45^ S. 

There is probably another line of disturbance crossing Pinkard Gulch one- 
half mile above its mouth, for here the Cretaceous stmta, are brought to the 
level of the Ordovician limestones; but no direct evidence of this has l)een 
found, and this dislocation may be contemporaneous with the intrusion instead of 
belonging to the epoch of subsequent faulting. 
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MIXERAIi DEPOSITS. 

GENERAL STATEMENT. 

Gold Gulch basin really contains no niineml deposits of proved value and 
extent, but hiis a j^reat number of prospects. Few of these occur in the upper 
part of the basin in the great porphyr}^ area, but the majority are concentrated 
along lower Gold Gulch and on both sides of Pinkard Gulch, always, as a 
general statement, preferring the contact of porphyry and sediments for their 
appearance. While a number of copper prospects occur, most of the deposits 
have been located on account of their gold values. The lower Gold Gulch con- 
tained placer gold and was protitablv worked for this at an early day. Its bed 
contains gold down to the junction with Eagle Creek, and even now a little 
money is made by panning along it. There are at least three old arrastres iu 
Gold Gulch and the foothills to the north' of it, erected by prospectors who 
discovered the district about 1880. But although ix)ckets of good value have 
been found in man\^ places, the deposits thus far opened have seemed to lack 
regularity and permanence. The gold occurs in free form on narrow little 
fissures, sometimes between porph^'ry and limestone or in quartzite or shale, but 
always in the vicinity of porphyry. The strike is usually northeasterly or east- 
evly. Very little work was being done in 1902, and there was little opportunity 
of studying the deposits. The fissures usually contain some limonite, and the gold 
is associated with this. From this it ma}' be surmised that the gold will be com- 
bined with sulphides in depth, and that conditions will be less favorable than 
on the surface. 

DETAILED DESCRIPTIONS. 

Th(» road from Morenci to Eagle Creek first descends to the head of Silver 
Creek after having crossed the divide separating the drainage of San Francisco 
River from that of Eagle Creek. About 1,500 feet west of the road and at an 
elevation of 4,S(M) feet on the southern slopes of Silver Creek are two well- 
defined fissure i)lancs, the more southerly of which is traceable for at least one- 
fourth mile. They separate porphyry from Cretaceous sandstone and shale, and 
by friction breccias give evidence of faulting. Both of these have been pros- 
pected to some extent, the vein matter consisting of limonite and quartz without 
copper stain. 

A little farther down on the low divide separating Silver Creek from Gold 
Gulch is a prospect marked by a horse whim. A small mass of magnetite con- 
taining copper stains is here inclosed in porphyry and should probably be 
considered as an inclusion of contactinetamorf)hosed limestone. 
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In the lower part of Gold Gulch and Pinkard Gulch lie a number of claims, 
located on veins with an east- northeast strike, most of them Ijnng between 
porphyry and sedimenti^. For 8(X> feet above the mouth of Pinkard Gulch 
epidotized limestone with a considerable amount of copper stains is exposed in 
Gold Gulch and several prospects have been opened without finding any notable 
amount of copper ores. The Isabella is a narrow vein which crosses Pinkard 
Gulch 2,000 feet above its mouth. It is developed by several smaller tunnels. 
Good gold values have been found in spots along it, contained in the limonite 
along the vein, which seems to follow the epidotized contact of a porphyr}^ dike 
in limestone. 

''The Buzzard's Shadow" is the picturesque name of another fissure vein 
located at the head of a small gulch draining directly into Eagle Creek; it is at 
an elevation of 4,800 feet one-half mile northwest of the mouth of Pinkard 
Gulch. This is a well-defined vein between limestone in the hanging wall and 
porphyr}' in the foot wall. The developments are of small extent. The vein 
consists of a zone 12 inches w^de of crushed limestone stained by manganese 
and said to contain a long shoot with values of $4 in gold and 20 ounces silver 
per ton. 

On a point of sandstone and shale, parti}" baked by contact metamorphism, 
2,000 feet northeast of the mouth of Pinkaixl Gulch, is a prospect with copper 
stains along a porphyr\' dike 20 feet wide. From this it is reported that a small 
amount of ore rich in gold has been exti*acted. 

Old arrastres are located in the gulches draining directly into Eagle Creek; 
the first is 1 mile west of the mouth of Pinkard Gulch; the other 1^ miles west- 
northwest of the same place; near both places small veins of ferruginous quartz 
containing gold have been found. 

A copper prospect has been developed by the Home Copper Company on the 
high hill (elevation 4,700 feet) overlooking Eagle Creek Valley, 1 mile south of 
the junction of Pinkard and Gold gulches. Carbonate ore occurs on the contact 
of the porphyry and the Cretaceous sandstone and shale. 

One mile up from the mouth of Pinkai*d Gulch are the Soto and Cayuga 
claims. The former is developed by a tunnel driven on the fault fissure between 
limestone and granite, but on this nothing of importance has been found, though 
some oxidized ore had previousl}" been encountered in the limestone; this is 
probably due to contact metamorphism along a porphyry dike in this limestone. 

On the ridge east of the Soto claim are several small ore f)odies in limestone. 
The Ca^'uga showed a good body of carbonate and silicate ore along a vein with 
an east-west strike and southerly dip of 55 , which has a foot wall of quartzite and 
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a hangings wall of limestone. This fissure is not unlikely the direct continuation of 
the Soto fault. The structure in this vicinity is complicated. In general, the 
porphyry has a tendency to form intrusive sheets l>etween the sediments. 

Half a mile farther east- northeast the Producer vein, which is, very likely, 
the continuation of the Soto fault, crosses the north branch of Gold Gulch. 
Going up the slope toward the main divide, between Eagle Creek and Chase 
Creek, the outcrops of this vein are strongly marked by sheeted ferruginous 
rock, copper stained in places. The fissure which seems to mark the contact of 
porphyi\v and granite dips 45^ SSE. 



CHAPTER VIII. 

CHASE CREEK VALLEY BETWEEN MOHEXCI AXD METC^VLF. 

The area described in the following pamgraphs lies between the great 
Morenci fault on the south, Coronado Gulch and King Ridge on the ngrth, 
Markeen Mountain on the east, and the quaitzite block south of Coronado Moun- 
tain on the west. It embraces many prospects and small mines, but contains no 
large producers. 

geol.(>(;y. 

ROCKS. 

Granite, porph3'ry, and quartzite are the only rocks present in the area. 
Granite occupies the whole of Markeen Mountain and the upper part of the 
western slopes of Chase Creek. In the central part of Markeen Mountain it is of 
the normal type, reddish, coarse grained, usually disintegrating and crumbling on 
gentler slopes, and consisting of quartz, orthoclase, and perthite, the scant ferro- 
magnesian silicates usually decomposing to chloritic products. For a varying 
distance — up to a mile — from the contacts with the porphyry the granite is greatly 
modified by fracturing, sheeting, extensive quartz cementation, and pyritic dis- 
semination. On the surface the pyrite is decomposed to limonite. The rock is 
yellowish red, of a different tinge from the normal granite, and along the canyon 
of Chase Creek it weathers into fantastic forms by reason of its alternating hard 
and soft texture. Vertical cliffs and sharp-pinnacled ridges form the salients, 
and cave-like recesses are often excavated in the steep declivities. Dark-green 
copper stains cover large areas on the precipices. Granite of this kind is well 
exposed in the canyon between the Longfellow incline and a point 1 mile south 
of Metcalf, also on the upper western slopes between the porphyry stock and 
the quartzite capping the main ridge. At many places the rock is recog- 
nizable only with difficulty. 

The contac»ts with the porphj^ry run extremely irregularly and are in places 
very difficult to trace. Included fragments of granite or breccias of granite and 
porphyry are common near the contacts. 

The quartzite is best exposed in Chase Creek Canyon a short distance above 
the Longfellow incline, but also occurs at sevei*al places as smaller masses 
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includieid in porpbjnr. It is light gray or reddish, and shoald perhape« rmther he 
cmllf^ a quartzitic ^nd<tone. for the individual quartz graias are often ea^lj 
rw.-ognizable. It weathers dark brown a.s a rule. The expo?»ures in thi* area 
rarely i^how plain ^tnititi«-ation. Near the great faults crosi^ing CluLse Creek 
a^N>ve the Longfellow incline pyrite appears disi?eininated in qnartzite. 

The porphyr}' forms a i-ontinuoas lielt from Morenci to Metcalf, a little less 
than 1 mile wide in it>$ narrowe^^ part and near Metcalf broadening to nearly 2 
mile8« The rock weathers to yellowish- brown or reddish outcrop^*, very roughly 
and irregularly eroded. On frej?h fracture it is yellowish or gray and show:? closely 
massed small phenocryi^^ti^ of albite or orthociase. also bipyramidal quartz crystals 
several millimeters in diameter. The original biotite was sparingly present, and 
is generally converted into chlorite. The groundm&ss is micnx'rystalline and 
con-^ifttM of quartz and unstriated tieldspar. Thi.> acid rock is most closely allied 
to the granite porphyries. 

Fresh rock is hardly obtainable in this area. Everywhere the porphyry 
shows more or less extensive alteration, consisting in chloritization of biotite, 
sericitization of feldspars, cementation by quartz in veinlets, and frequently also 
disseminations of pyrite which, to judge from the efflorescence of cupric sulphate 
on dumps of tunnels, and from the "green paint" (p. 121) covering many outcrops, 
always contain some copper. 

The porphyr}' forms an intrusive stock in granite bordering against the rock 
with most irregular and brecciated contacts. A great nimiber of small dikes and 
irregular masses of porphyry are rontained in the granite near the c*ontact 

STRUCTURE. 

Complicated and detailed faulting has doubtless taken place, but in the 
a^>sence of the sedimentarv series it can not easilv Ik? traced. The area certainlv 
forms a part of the first great fault block south of the Cbronado massif, and is 
adjoined southward by a series of similar blocks dropping southward en Echelon, 
rts southern limit is fonned by the fault which crosses Chase Creek at the 
quartzite-granite contact alwve the Longfellow incline and continues imperfectly 
traceable across the porphyrv to the southern slopes of the peak, marked bench 
mark (5370. The downthrow on tlie south side would appear to be over 1,0<X) 
feet at Chase Creek, while it diminishes westward to something like 8W feet, as 
indicates] by the relations of quartzite and granite southwest of Ijench mark i>370. 
In several places along Chase Creek Canyon the granite is cut by distinct and 
clos<tly massed joint systems, most of the joints having a northeasterly direction. 
Joint svstems and fissures with a north-northeast to north trend also cut the 
porphyry and most of them contain copper ores. 
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MIlS'ERAIi I>EPOSIT8. 

GENERAL STATEMENT. 

The porphyry contains a few well-defined fissure veins, among which ma,y 
be noted the Fairbanks and Las Teri*azas. The whole mass of the porphyry 
and much of the adjoining gmnite is doubtless cupriferous, the ore occurring 
as disseminations of pyrite with chalcop^^rite, which accompany the extensive quartz 
cementation which the rocks have undergone. As a result of this, green copper 
stains are extremely conrnion, and in any tunnel driven it is common to find 
efilorescences of cupric sulphate. Thi^ has led to extensive prospecting, which, 
however, in most cases, has been fruitless of important results. Among the 
oxidized copper minerals chrysocolla, brochantite, and malachite are most common, 
though azurit€ also occurs. It is quite possible that underneath the more promis- 
ing oxidized ores of this kind payable chalcocite ores may be found. But here, 
as elsewhere, this mineral is secondary and will at a varjung depth change into 
the primar\^ p3^ritic ores. As an evidence of this the prospect tunnels along 
Chase Creek Canyon almost invariably encounter ores consisting of quartz, pvrite, 
and quartz in places with a little zinc blende or molyWenite. The deposits 
which have been most productive are those situated on the high ridges, like the 
Copper Queen mine, between Morenci and Metcalf. It is expected by many that 
exploration of this region by tunnels at moderate depth will lead to the discovery 
of great low-grade bodies of chalcocite ore in porphyry like those of Copper 
Mountain. 

From the Carasco claim, which still ma\' be considered to belong to the 
Morenci group, the trail to Metailf, b}' way of the Copper Queen mine, passes 
a number of prospects, some of which are worthy of note. 

DETAILED DESCRIPTIONS. 

Fairhanlcs claim, — On the second ridge northeast from Carasco a clearly 
defined vein appears, developed by several short tunnels. The principal develop- 
ments are on the Fairbanks claim, but the vein extends into the adjoining Lan- 
caster and El Capitan claims, all belonging to the Detroit Copper Company. 
The elevation is approximately 5,200 feet. The country rock is chiefly porphyry, 
although the granite contact, which runs ver\' irregularly, is not far distant to 
the east. The deposit is a well-defined fissure vein, striking N. 18^ E. and stand- 
ing nearly vertical. The vein material consists largely of crushed porphyr3\ in 
which appear stringers and smaller masses of malachite, chrysocolla, and broch- 
antite. Good bodies of low-grade ore are said to have been developed along this 
fissure, but onl}' small amounts have thus far been extracted. Along the con- 
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tact of j^miiite and porphyry are seveml small prospects, most of them contained 
in a breccia of the two rocks and containing chrvsocolla as the principal minei'al. 
In the last gulch crossed by the tmil, just Inflow Copi>er Queen mine, is a pros- 
pect, probably on the claim called Copper King. A short tunnel shows a bunch 
of azurite, partly well crystallized and contained in decomposed porphyry. 

Copper Que^n depoMitn, — The Copper Queen dei>osits outcrop on the summit of 
the ridge overlooking Chase Creek at an elevation of 5,000 feet. The working 
tunnels were driven from the Chase Creek slope, 200 or 30O feet below the summit 
of the ridge, and were connected with the milroad at the bottom of Chase Creek 
by means of an incline with a vertical descent of about 500 feet. The claims, 
which belong to the Arizona Copper Compan}', were worked rather extensively a 
few years ago, producing oxidized ore of modemte grade. During the last few 
years, however, work has been abandoned. A tunnel has been begun near the 
bottom of the im'line, probably intended to tap the deposit at greater depth. 
The croppings show several veins. Forty feet below the summit on the southwest 
• side is a prospect on a fault slip in porphyry, striking east and west, and dipping 
48^ north. The system of Copper Queen claims is evidently laid out parallel to 
this fissure. On the summit of the ridge many other prospect h^les have been 
' sunk, showing three strong fissure planes within a distance of 100 feet. The most 
•southerly strikes N. 30^ E., the next one N. 50^ E., and, finally, a large and 
prominent fault plane, which strikes north and south. At a short distance north 
of this point several other fault planes are exposed, striking N. 24^ E. and dipping 
00^ N., all the others being nearly vertical. A considerable mass of quartz 
appears on the fault plane farthest north; otherwise on all of them the vein 
material consists of crushed poi*phyrv containing seams of oxidized ores, chiefly 
chrvsocolla and brochantite. More rarelv azurite and malachite are noted. The 
most prominent system of Assuring in this place, as well as at many other points 
in the vicinitv of Metcalf, is doubtless the one with a northeasterlv strike. 

Mexican claim, — From the Copper Queen the trail continues in a northerly 
direction along the summit of the ridge to the Mexican claim, which is about 
1,500 feet distant. The Mexican deposit is situated at an elevation of 5,300 
feet, near the top of the big bluff overlooking Chase Creek. The principal 
rock is a quartz-porphyry, in which, on top of the ridge, a small area of 
([uartzite overlies or is included. The Mexican shows a strong fissure, the 
porphyry striking N. 12^ E. and dipping 70*^ W. One hundred feet north of this 
is another strong fissure striking N. 57^ W., and having a steep dip to the 
southwest. The developments consist of two tunnels of moderate length. Some 
very good ore, mainly oxidized, is said to have been found on the Mexican claims. 



CHASE CREEK VALLEY; 803 

From the gap near the Mexican mine overlooking Coronado Creek and 
Metcalf, and having an elevation of 5,800 feet, a tmil descends to the bottom 
of the guleh. The porph^^ry is altered and contains seams of quartz. 

Las Termziis. — At an elevation of 5,200 feet the first croppings of this well- 
detined vein are located. They continue down to Coronado (fulch and have been 
opened b}^ several tunnels. On the lower part of the slope the outc*rops are 
much obscured by sliding masses of porphyry. The claim belongs to the Ari- 
zona Copper Company. The strike of the vein is N. 12^" VV\, and the dip 73^ E. 
The ore, which occurs as seams in the crushed poi*phyrv, consists chiefly of 
chrysocolla, azurite, and malachite, and some good-sized bodies are reported to 
have been exposed. 

Standard mine, — The Standard mine is located about 1 mile southeast of Met- 
calf at an elevation of 4,900 feet, on the southeast side of Standard Gulch, a 
short dry ravine running north of Markeen Mountain and entering Chase Creek 
1 mile below Metcalf. This property has been producing on a small scale, off 
and on, for the last few years. During 1902, according to reports, $10,000 net 
were obtained from ore shipments. One shipment of 112 tons averaged nearly 
18 per cent of copper. A smaller shipment of first-class ore, averaging 40 per 
cent, was made during the same month. The ore must be packed on burros 
down to the level of the railroad in Chase Creek, a distance of one-half mile. 
The developments consist of two tunnels, and a winze sunk from the lower one. 
The country rock is porphyry throughout, the granite contact being about one- 
fourth mile distant to the southeast. On the surface no well-defined vein is 
visible, though the rocks in the vicinity are nmch stained by limonite. The deposit 
is, however, probably of a fissure vein, along which irregular ore bodies extend 
into the porphyry. Near the surface the ore consists largely of limonite and 
malachite. In the lower tunnel and in the winze a considerable body of pure 
chalcocite ore mixed with some malachite was encountered, and from this the 
larger part of the ore shipments were derived. 

Pr(mpeets. — From the Longfellow incline to the porphyry contact, 1 mile 
below Metcalf, a great number of prospect tunnels have been driven in the altered 
and silicified gi*anite. A few hundred feet below the main granite and quartzite 
contact the Arizona Copper Company has driven a large tunnel westward into the 
quartzite with the object of using the rock as converter lining. It contains abun- 
dantly disseminated pyrite and probably also chalcopyrite, for it carries one-half 
per cent copper. 

At the second railroad tunnel above the Longfellow incline the prevailing 
rock is an alt^ered and bleached granite with veinlets of quartz containing p\'rite, 
all containing about one-half per cent of copper. On a northeast fissure system 
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the pyrite i«» coaled irttfa f'balcxicite^ und a body 3 feet wide of 5 per cent ore is 
mid to \m expoM^. 

Hulf Ik mile sboie the inclitie \h the Kinglxilt tunnel^ driven &long a narrow 
dike of {x^rphyry ii^trikiog eai^t-went and dipping south. The ore is contained 
in an indefinite zone of crumbed and pyritie granite, the pyrite being blackened 
bv chak^ocite. 

Fifteen hundred feet below the main granite-porphyry contact a small shaft 
in the bottom of the creek i^hown a little cuprite, brochantite« and chalcocite in 
granite. A few hundred feet a^>ove i»i altered granite with disseminated pyrite 
and on the west side of the canyon a tunnel driven on a porphyry dike. Seven 
hundred feet below the conta<^'t on the east side, probably on the Bon Ton claim, 
which extends northeasterly, is a small tunnel on a narrow porphyry dike in highly 
sUicitied granite. The dump shows an unusual amount of quartz, with pyrite 
coated with chalcoc*ite, and much molvbdenite. 




CHAPTER IX. 

METCALF DISTKICT. 

TOPOGRAPHY. 

A special map on the scale of 1 to 12,000, or about 4 inches to the mile, has 
been prepared in order to show the more important mines in the vicinity of Metcalf 
(PI. XIX). This map covers an area of about 6,000 feet by 5,000 feet. The 
principal drainage line is Chase Creek, which flows from north to south through the 
western portion of the area. This is joined from the west by Coronado Gulch and 
from the east by King Gulch, all these streams flowing in deeply incised canyons, as 
a rule of V-shaped form. The lower part of Coronado Gulch has, however, a broad 
bottom, deeply- covered with bowlders brought down by cloudbursts from above. 
Narrow bottom lands extend along Chase Creek from the junction of Coronado 
Gulch southward. The grade of Chase Creek is approximately 180 feet per mile, 
while King Gulch descends at the rate of 100 feet in 1,000. Coronado Gulch, King 
Gulch, and the upper part of Chase Creek are dr}', containing water only after 
heav^y rains, but from Metcalf down Chase Creek contains a small stream of water, 
partly fed by springs and partly the result of the drain water from Metcalf. The 
town is supplied by a pipe line from springs in Chase Creek 1 mile above the mines 
and also from wells in the creek bottom. 

Steep bluffs, 200 to 400 feet high, line the eourse of Chase Creek. above Metcalf. 
From the elevation of these bluffs slightly gentler slopes, broken by sharp salients, 
continue up to the heights of the divides, which lie from 1,000 to 1,500 feet above 
the creek. At the junction of Chase Creek and King Gulch the ridge between these 
watercourses rises in rocky crags 500 feet above the watercourse. Northeast of this 
extends a more gentl}- sloping ridge, lying 600 feet above the valle3\ on which are 
situated the mines of Metcalf, belonging to the Arizona Copper Corapan3\ Above 
this steeper slopes, dotted by tunnels and open cuts, lead up to the dark summit of 
Shannon Mountain (elevation 5,628 feet). The immediate summit forms a small, 
comparativeh' level area of dark, rough rock (Pis. XX to XXIII). 

One thousand feet north of Shannon Mountain the ridge between King Gulch 
and Chase Creek narrows to a saddle with an .elevation of 5,500 feet, but soon 
rises again to a broader backbone, which has an elevation of 5,700 feet, and 
continues for a mile northward up to the head of Garfield Gulch. 
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Below Metcalf long, steep slopes, broken by craggy outcrops and precipices, 
ext^^nd on both sides of Chase Creek to a height of 1,200 feet above the creek 
and cuhninate in sharp ridges. To the west of Chase Creek this high ridge 
divides the waters of that stream from the headwaters of Concentrator Canyon, 
emptying into Chase Creek near the Longfellow incline, while the southern 
part of the map is occupied by the long and prominent King Ridge, which 
contains the Jameson and King mines, and which divides King Gulch from 
Standard Caiivon. 

The rocky character of the slopes makes travel on horseback difficult or 
impossible except over the established trails. The only wagon road leads from 
Metcalf up Chase Creek, communication with the mines being established by the 
railroad which extends along Chase Creek up to the foot of the Shannon incline, 
one-half mile above the town. The ore is transported from the mines to the 
railroad by means of tramways and inclines laid out on the slopes of Shannon 
Mountain and King Ridge. 

GENERAL FEATURES. 

More than two-thirds of the area shown on the special map is covered by 
granite-porphyry, which forms the most northerly extension of the great central 
stock occupying several square miles between Morenci and Metcalf. This por- 
phyry is the most recent rock of the area, and borders against the older rocks in 
the northern corner with characteristically intrusive contact, forming contact 
breccias with the granite and sending long dikes with a general north-northeast- 
erly trend into the sedimentary ro<»ks. As at Morenci, the granite is the oldest 
rock, forming the floor on which the Paleozoic sediments were laid down. These 
sediments have a maximum thickness of 700 feet; they consist of a basal quartzite 
covered by several hundred feet of shale and limestone, well exposed on Shannon 
Mountain. The total area covered bv the sedimentarv rocks is about 100 acres. 
The limestones and shales are greatly altered by contact metiimorphism exerted, 
by the porphyr}' magma. The older rocks have been displaced by the force of 
the intruding molten rock, and all of them have been affected by extensive dislo 
cations which have taken place subsequently to the cooling of the porphyry. 

The copper ores chiefly occur on the ridge between Chase Creek and King 
(lulch. Most of them form irregular bodies, often extended in a general north- 
easterly direction, following the trend of the porphyry dikes. They occur lx)th 
in porphyry and in the sedimentary series: very rarely they are found in granite. 
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ROCKS. 

Granite. — This rock occupies two distinct areas in the Metcalf district, one 
extending across Chase Creek along the northwestern margin of the district, the 
other following King Gulch about halfway down toward its mouth. Both of 
these larger areas connect with larger masses outside of the district — the first 
with the great mass of Coronado Mountain and upper Chase Creek, the second 
with that of Copper King Mountain. They join in one place just outside of the 
Metcalf district, 2,000 feet north of Shannon Mountain. As the sedimentary rocks 
were deposited on a granite basement, this rock doubtless also extends under the 
limestones of Shannon Mountain, at an elevation of less than 5,000 feet. 

The granite is normall}" a coarse, gi'anular, reddish rock consisting of ortho- 
clase, perthite, and quartz, the feldspars being of dark reddish-brown color and 
the quartz grayish and transparent. Very rarely is any biotite or hornblende seen, 
nor does the rock contain any muscovite. The ferromagnesian silicates were 
doubtless originally present in small quantit}', but have suffered alteration to 
chloritic products. Comparatively fresh granite is exposed on the ridge 2,000 
feet north of Shannon Mountain and in the extreme western corner of the Metcalf 
district, on King Ridge. But in King Gulch, in Chase Creek, and at the head of the 
Shannon incline the rock is very much altered and weathers into gray, hard, and 
rough bluffs, the gentler slopes below being covered by angular ddbris. In places, 
indeed, its character is recognizable only with diflSculty. Weathered surfaces often 
show the true character of the rock better than fresh fractures, which may look 
very much like a quartzite. The changed appearance is due to a very extensive 
shattering and subsequent cementation by white vein quartz, penetrating the 
rock like a network. The reddish color of the feldspars is somewhat bleached, 
but otherwise the minerals of the granite have not suffered great alteration. 
The quartz in places contains a little pyrite and specularite as well as abundant 
fluid inclusions (see p. 213). Except along some porphyry dikes the granite rarely 
contains afty copper ores. At two places — one 800 feet south of the head of the 
Shannon incline, the other in King Gulch near the edge of the mapped area — 
granite distinctly underlies quartzite and limestone. The contacts of granite and 
porphyr}^ run very irregularly, as may be expected from the intrusive character 
of the latter. Sometimes they are sharp, but on the west side of Chase Creek 
they are followed by zones of moderate width of a friction breccia of granite and 
porphyry, often very much cemented by quartz and sometimes containing bright 
metallic foils of specularite; this latter mineral is clearly of primary character 
and its formation probably contemporaneous with the cementation by silica. The 
contacts on the east side of King Gulch are indistinct, complicated by extensive 
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injection of porphyr}^ in granite, h^- quartz cementation of both, and by debris 
slopes. The areas of granite on King Ridge near the incline appear to be large 
fragments torn loose by the movement of the porphyry magma and wholly inclosed 
in it. Vertical sheetings, or shear zones, in the granite, ranging in direction from 
northeast to north-northeast, are noted in a few places on Chase Creek and on 
the slopes from Coronado Mountain outside of the area shown on the special map. 

Sedimentary series. — The waterlaid rocks exposed on Shannon Mountain form 
a roughly triangular area containing approximately 100 acres, bordered on the 
east and the west by granite and on the south by porphyry. On the whole 
the beds are horizontal or dipping at most 20"^ W. No separation in detail 
has been attempted on the map, for over large parts of the area the contact 
metamorphism has l)een intense enough to obliterate stratification and original 
characteristics. The apparent thickness of the complex amounts to 730 feet, or 
200 feet less than that of the t3^pical section as described from near Morenci 
(Pis. XIX, XXV). It is possible that this amount has here been reduced by 
faulting, which in some places might be difficult to detect in the altered rocks, 
but it appears more probable that the strata are actuall}"^ less thick than at 
Morenci, especially as such variations have been observed elsewhere in the 
Clifton quadrangle. The metamorphism and shattering is most intense on the 
south side, bordering against the main mass of poiphyry; the least-altered part 
is situated on the steep slope toward King Gulch. 

The basal part of the strata consists of heavy-bedded quartzite, clearly cor- 
responding to the Coronado formation of other parts of the Clifton quadrangle; 
it is presumably of Cambrian age. The rock is light gray and hard, petro- 
graphically similar to the Coronado quartzite as exposed elsewhere. The quartz 
grains are distinct, well rounded, and separated by fine-grained sericitic cement, 
so that the appellation quartzitic sandstone might be more appropriate. The 
only alteration which can be observed consists in the introduction of a little 
pyrite. A thickness of 100 feet is exposed about 100 feet above King Gulch near 
the northeastern margin of the Metcalf district, 630 feet of limestone and shale rest- 
ing on top of it. The quartzite lies on granite without basal conglomerate but in 
places porphyry is intruded between these rocks, probably as a sill or sheet; 
dikes of porphyry also cut the same rocks and penetrate the overlying limestones. 

On the western slope of Shannon Mountain and at nearly the same elevation, 
approximately 6,000 feet, a belt of the same quartzite is exposed ; it is 1,000 feet 
long, 100 feet in thickness, and is cut by two large porphyry dikes. Presumably 
the same quartzite has been found at an elevation of 4,978 feet in the so-called 
quartzite tunnel of the Metcalf mines. A small fragment of this formation lies at 
an elevation of 5,100 feet on a spur overlooking King Gulch, 1,500 feet south of 
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Shannon Mountain, (xranite underlies it in the canyon and lime shale covers it, 
while porphyry adjoins it on both sides. Another fragment of the Coronado 
quartzite is exposed in King Gulch at the bridge connecting with the King 
incline. It is 500 feet long, 100 feet thick, and rests on the granite exposed in 
the bottom of the gulch; porph^-ry, and in one place a little lime shale, covers 
it. On the east side of King Gulch, at a somewhat higher elevation, is another 
mass of quartzite with an apparent thickness of 200 feet. These two masses were 
evidently once connected and represent a down-thrown block dipping northward at 
a moderate angle. The fault plane along which it dropped down shows plainly on 
the west side, separating granite and porphyry. 

King Ridge contains four small irregular quartzite areas embedded in por- 
phyry; to some of these masses of granite are still attached, and they must be 
regarded as fragments torn loose and floating in the porph^Ty magma during the 
intrusion. 

On the east side of Shannon Mountain, where the sedimentar}^ complex is best 
preserved, there rest above the quartzite 200 to 250 feet of limestone, at first 
shaly and sandy, then more massive. This part evidently corresponds to the 
Longfellow limestone (Ordovician)' at Morenci, but is at least 100 feet less in 
thickness. This might be explained by local faulting were it not for the fact 
that the basal quartzite is fairly well exposed at intervals around Shannon Moun- 
tain at elevations of about 5,000 to 5,100 feet. In the mine workings the Long- 
fellow limestone is well exposed at the Shannon, Wiseman, and Black Hawk No. 3 
tunnels. The limestone as a rule contains much .silica and manv strata are dolo- 
mitic in composition. 

Above the Longfellow limestone there are about 100 f<3et of clay shales, man- 
ifestly corresponding to the Morenci shales (Devonian^). This horizon is well 
defined and fairly easily recognizable on account of the relatively slight alteration 
to which it has been subjected. The upper limit of the shale, which is of gray 
color and fissile, is found below the central ore body at al)out the level of the 
floor of the Brown tunnel (elevation 5,507 feet). 

South of the central ore l)ody the shale rises to somewhat higher leyel and 
dips 20"-" W. It is well exposed all about the northern slope of Shannon Moun- 
tain. It crops prominently at the level of the gap near the Shannon boarding 
house, where the top stratum again reaches 5,500 feet in elevation. The exposures 
continue on the western slope of the mountain along the road from the boarding 
house to the Boulder tunnel, and extend from 70 feet above to at least 30 feet below 
this adit. At this point the top stratum is about 30 feet lower than on the east 
slope of the mountain, indicating a slight westerly dip. The Morenci shale is also 
exposed on the southern slope of the mountain, though the metamorphism has been 
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more intc»n.>c, rendering its appearance les^ chanu^teristic. The Morenci $hale is 
excellently ex|x»ecl in the Ik>ulder ami Shannon tunnels, and here contains large 
bodier* of low-grade ore. 

The summit of Shannon Mountain is occupied by about ISO feet of sediment««, 
which corresjKind to the Modo<* lime.>tone (Missis^ippian). At Morenci the total 
thickness of this formation i.> lHi> feet; verv likelv the differeni'e is accounted for 
hy erosion which may have removed the uppermost part of the series. As at 
Morenci tlie M<xloc formation is rharacterized by a most extraordinary suscepti- 
bility to contact metamoq>hism. prartically the whole of it \ye\ng thoroughly 
altennl. The Iea>t-altered exposures arc* found on the narrow backlx>ne leading 
up to Shannon Mountain from the gap. AlK)ut 4o feet south of the lowest point 
of the gap, which is occupied by clay >hale. rest> a stratum of somewhat altered 
limestone, probably corresixinding to the coralliferous limestone of Morenci. 
Alx)ve this lies 15 or 2<» feet of quartzite which again is covered by coan«ely 
crystalline limestone, which, as at Morenci, is distinguished by great purity. The 
<lolomitic ?«trata of Morenri appear to l>e al>sent. North of the gap the shale is 
covered by Iw feet of highly altered limestone, usually referred to as the ^* cap 
rock." 

Mf^taitiorj>h*Hin of fhff xtdtnitnti*. — The S4'diment> have In^en subjected to a meta- 
•norphism which sf>m(»times has progressed so far as to obliterate their original 
character. The degree of metamorphism varies first according to the character 
of the ^jtrata. The l>asal quartzite is not atlec'ted: the lower 2<H» feet of lime- 
stone and shaly limestone (l^ngfellow limestone), which generally contains much 
silicji, is greatlv but not excessivelv altered; the shales of the Morenci formation 
offer nuich resistance to metamorphism. and are in most cases easily recognizable. 
The uppermost limestones, corresponding to the Modoc formation (Mississippian), 
are in most places within this area exces.sively metamoi'phosed. 

In the second place, the alteration varies according to the distance from the 
porph\'ry. The whole southern part of the area is very nmch more metamor- 
phosed than the northern half, and the rocks close to the dikes more altered 
than those more distant from them. Practically all of the metamorphosed rocks 
contain copper in the form of chalcopyrite, malachite, azurite, brochantite, or 
chrysocolla, and altogether may possibly average one-half of 1 per cent. 

The detached areas in porphj-ry on the south side of Shannon Mountain 
generally form rough black outcro^xs, which consist of silica mixed with oxides 
of iron. In some places, as in the surface quarries of the Metcalf mine«, there 
may lx» some doubt as to the origin of these masst*s of iron rock, but ordinarily 
their derivation from limestone or lime shale mav be easilv demonstrated. 

The small area of indistinctly stratified lime shale on quartzite exposed a few 
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hundred feet southwest of the bridge connecting with the King incline is of 
greenish-gi*ay color; in places it is siliceous and also contains small quartz veins. 
Along the west contact with porphyry, which possibly represents a fault, are a 
number of small prospects; the shale here contains epidote and magnetite with 
which are intergrown azurite and malachite. The long area beginning 500 feet 
northwest of King Bridge consists in its southern end chiefly of ""iron rock,"' or 
an intimate mixture of fine-grained quartz, magnetite, limonite, and hematite, 
while in its wider northern part there is much shaly limestone only partly altered. 
A few hundred feet north of this is a similar area, also embedded in poiphyry and 
reaching up to the main southern shoulder of Shannon Mountain. It consists of 
^ 'iron rock" and its northern part also contains garnet. Similar also is the irreg- 
ular slab or fragment which extends 1,200 feet north from the quartzite tunnel 
of the Metcalf mines. The most westerly of these detached areas is that of the 
Shirley or Little Giant tunnel, which is roughly rectangular in form and is pene- 
trated by several small porphyr}^ dikes. The prevailing rock is a tine granular 
mixture of hematite and quartz, but there is also some soft dark-colored lime 
shale containing well-exposed magnetite in the Shirley tunnel. This area shows 
copper stains throughout and harbors several bodies of rich oxidized ore. 

The main limestone area of Shannon Mountain is best entered by the old 
road which crosses the southeastern porphyry' spur at an elevation of 5,280 
feet. The formation is here the Longfellow limestone. The contact is crossed 
250 feet from the point where the road rounds the spur. i'or one hundred 
feet northward from the contact black '' iron-rock •' is exposed, changing gradu- 
ally into a partly altered gray limestone, with much copper stain and fissured 
by veinlets of quartz, calcite, and hematite. At 500 feet north from the contact 
a poi'phyry dike 30 feet wide is crossed, which cuts shaly limestone so heavily 
copper stained as to constitute ore. At 250 feet farther north the main so-called 
Wiseman dike is crossed, 50 feet wide, and adjoined on both sides by zones 
of limestone partly converted into epidote. A short distance farther north, at the 
northeastern margin of the Metcalf district, this dike meets another which con- 
tinues uphill on the contact of limestone and granite; in the angle between these 
dikes the limestone is converted to a granular mass of epidote, magnetite, and 
garnet. Along the contact dike this metamorphosed zone continues, 150 feet 
wide, for a couple of hundred feet uphill as far as the level of the Morenci 
shales, which, as usual, are but little altered. The contact dike and the main 
eastern contact of granite and limestone fall outside of the district, but have 
nevertheless been indicated on the special map. 

In these surface exposures oxidation has more or less obscured the true 
character of the rocks. Specimens from the levels of No. 3 Black Hawk and 
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Boulder tunnels, Shannon mine, show that the alteration of the Ix)ngfellow 
formation is produced by the development of epidote, garnet, pyroxene, nia^jf- 
netite, actinolite, specularite, chalcop^rite, and p^rite by metasomatic prooesseij 
in the limestone replacing the carbonate of lime. The replacement is rarely 
complete, as nmch calcite remains in the altered rock; nmch of the limestone is 
only slightly altered and appears as a greenish -gray fine-grained rock with small 
crystals of magnetite, traversed by veinlets of p^rite and chalcopyrite. Micro- 
scopical examination shows, however, that pyroxene and actinolite have also 
developed in the rock, sometimes along little veinlets of calcite, magnetite, and 
chalcopyrite. 

The clay shales of the Morenci formation, which are well exposed on the east 
and west sides of Shannon Mountain, their top stratum liaving an elevation of 
from 5,430 to 5,000 feet, are comparatively little altered, except in the immediate 
vicinity of porphyry dikes, where they often contain lK)dies of malachite and 
azurite. Epidote is often developed in the shale, as well as minute seams of 
pyrite and chalcopyrite. The latter mineral is especially common in the shale 
opened by the Ifeulder tunnel; large masses of this shale are said to average 2 
to 3 per cent of copper. 

As at Morenci the pure limestones of the Modoc formation occupying the 
summit of Shannon Mountain exhibit an extraoi-dinary tendency to metamorphism, 
garnet and magnetite being the two principal minerals formed. At the extreme 
northern end of the iedimentar}^ area, where it borders against granite, porphyry 
dikes cut the rocks; above the top of the Morenci shale rest 100 feet of Modoc 
limestone which now consists entirely of the minerals just mentioned. The nar- 
row ridge leading southward to the summit of Shannon Mountain from Shannon 
Gap shows the limestone directly overlying the shales; this is partly converted 
to light-yellow garnet and pyroxene, admirably showing the replacing character 
of the process. Above this point partly altered limestone continues for some 
distance along the narrow backbone to an elevation about HO feet above the gap, 
where a body of soft, almost unaltered, though very coarsely crystalline limestone 
Remains; at present this is used as flux for smelting purposes by the Shannon 
Company. Immediately abov^e it lies the black, hard mixture of parti}' decomposed 
garnet and magnetite, to which the name '' cap ro<k " is given. Near the irreg- 
ular contact with the remaining mass of coarsely crystalline limestone the latter 
contains streaks and masses of yellowish-gray garnet and iron ore, largely mag- 
netite, though now partly oxidized and hydrated. These masses are from a few 
inches to a few feet in thickness and run out into thin streaks, but have no great 
regularit}' as to form. The garnet and magnetite are sometimes sepai-ated in 
larger masses, while at other places they are intimately intergrown. This zone 
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of irregular inclusions of ^rnet in limestone is perhaps U) feet wide vertically. 
There are few gradual transitions to be observed from garnet to limestone. The 
conversion seems to be effected by sudden and almost complete metasomatism, 
but the garnet and magnetite have certainly develoi)ed in the limestone. 

This cap rock forms the whole summit of Shannon Mountain and has a thickness 
of about 130 feet. It is chiefly a heavy dark-brown or browmish-yellow garnet 
rock mixed with fine-grained (juartz, magnetite, and some residual calcite. The 
garnet is an andradite or iron-lime garnet; the process b}'^ which a pure limestone 
has undergone such a remarkable transformation is discussed in more detail on 
page 135. The cap rock contains copper stains throughout and considerable quan- 
tities of azurite and malachite are shown in many of the prospect holes near the 
summit, though the amount is scarcely sufficient to constitute payable ore. The 
''cap rock" is more or less oxidized, both the magnetite and the garnet decomposing 
to limonitic products rich in zinc, probably as silicate, and in manganese as peroxide. 

The following analyses made by the chemists of the Shannon Copper Com- 
pany show the composition of the limestones. Although of great purity the 
quarr}' limestone contains more magnesia than the corresponding stratum at 
Morenci. 

Analyses II and III represent the Longfellow limestone; both are partly 
altered by the introduction of garnet and pyroxene, as indicated b}' the high 
percentage of iron and alumina. They are also rich in magnesia and decidedly 
dolomitic, but as it is known that the limestones of this horizon vary greatly in 
their percentage of that substance, it is scarcely to be inferred that the analyses 
indicate normal or average composition. 

Analyses of limestones from Shannon mine. 





I. 

Main lime- 

stonetinarry, 

east side. 


8iO. 


1.84 


Fe.O, 


1 1.60 


A1,0 


**-*a^ .'. ■••---••------.- 

CaCOo 


S2.50 


MffCO, 


9.33 







II. 

Black Hawk 

limesUjne. 



III. 
Shannon 
tunnel lime- 
stone. 



{ 



27.0 

8.8 

8.0 

39.2 

22.9 



) 



5.0 

H.9 

59.1 
27.6 



A series of technical analyses of this *'iron cap" are available by the courtesy 
of the Shannon (yopper Company and are herewith appended; they are supposed to 
represent the average composition of the 'Sron cap," which evidently consists largely 
of impure limonite, mixed with magnetite, silica, and some aluminous silicate. 
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prohahh' kaolin. Except in those samples which contain yen' much iron the 
alumina is rather hi^h — not as high as in the porphyry ores, but decidedly higher 
than in the ores of the red and central ore bodies. A very notable concentra- 
tion of manganese and zinc, the latter probabW as silicate, seems to have taken 
place in some of the iron ores. Copper is present throughout, probably largely as 
chrysocolla and parti}' as malachite. The original metamorphic rock probably con- 
sisted of garnet, magnetite, pyrite, chalcopyrite, and zinc blende. The complete 
elimination of lime in the oxidized iron cap, evidently deriv^ed by metamorphism 
of limestone, is very remarkable; the sulphides formerh' present have been com- 
pletely oxidized. 

Anahjaeii of iron dip from t'arimui points near the top of Shannoit Mountain. 
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Above 

lime 

quarry. 
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Above 

lime 

qnarr>'. 



Cu 



Fe. 



CaO . 
MpO. 
Mn.. 



Zn 

S. 



Ignition. 
CO, 
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5.2 

43.2 

21.8 

Trace. 

None. 

7.6 

14.5 

None. 

(5.8 

None. 
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28.4 

17.4 

17.7 

Trace. 

None. 

1. 

20.4 

None. 

13.1 

Present. 
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Above 

lime 
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20.4 
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Trace. 

None. 

2.9 

17.8 

None. 
10.7 

None. 



IV. 
Above 
Brown 
tunnel. 



1.2 

9.3 

50.9 

4.5 

Trace. 

None. 

1. 
*> '> 

None. 

8.1 

None. 



V. 

Above 
Brown 
tunnel. 



2.88 

5.02 

49.46 

1.68 



VI. 

Cave near 

Mitchell 

tunnel. 



1.20 
21.30 
37.30 
11.50 

2. r>5 



2.92 I 
I 

None. , 
20. 



2.60 

None. 

5.10 



(rraulfe'p<prplnjry. — As stated al>ove, the porphyry which covers the southern 
and larger part of the area shown on the Metcalf spe^'ial map is the northern 
end of the great stock intruded between Morenci and Metcalf and occupying a 
total space of several square miles. It borders against the granite with irregular 
outlines and at many places sends out dikes and apophyses into it, most of these 
having a northeasterly direction. The sedimentary formations of Shannon Moun- 
tain are even more shattered than the granite, especially near the southern 
contact, and are penetrated by three prominent dikes with northeasterly trend, 
which may be referred to as the Black Hawk, Central, and Wiseman dikes, 
enumerating them from west to east. Toward the south these dikes widen and 
join as shown on the map, including between them isolated fragments of altered 
limestone. The contact metamorphism which the magma of the main mass and 
of these dikes has effected in the sediments has alreadv been described. 
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The Metcalf porphyry is rareh' seen in fresh condition. One of the best 
localities for this purpose is in a railroad cut near the mouth of King Gulch. 
On fi'acture this rock is of grayish-green color and contains as phenocr\'sts many 
quartz crystals bipyramidal in form and up to 8 mm. long; also abundant 
smaller, square feldspar crystals, usually soft and sericitic; these chiefly consist 
of orthoclase and albite. There are also many biotite foils, largely, however, 
converted to chlorite. The groundmass probably originally consisted of orthoclase 
and quartz in microcrystalline structure, but now chiefly contains sericite and 
quartz, as shown on page 79. The rock is a sodic granite-porphyry. 

This type of rock, usually more altered, however, prevails throughout the 
northern and central area of the stock, but differs somewhat from the Morenci 
type of monzonite-porph^M'y, exposed on Copper Mountain, in containing larger 
and more abundant quartz phenocr^'sts. The diorite-porphyry exposed at several 
places west of Morenci is lacking at Metcjilf. 

The outcrops which are well exposed throughout the area are very rough and 
of a yellowish or brownish-yellow color; the quartz cr^^stals stand out prominently, 
while the smaller feldspar phenocrysts are apt to be weathered out, producing a 
peculiar pitted appearance. The bluffs on both sides of Coronado Gulch up to 
elevations of 300 feet above Chase Creek consist of a soft, white porph>^ry breccia, 
sometimes with fragments of quartzite. In this rock no copper prospects are 
found. Higher up on the same spur the normal massive porphyry begins, but 
is greatly altered and cemented by veinlets of quartz. The eastern slopes along 
Chase Creek, south of King Gulch, are less altered, but higher up toward the 
summit of King Ridge the quartz cementation becomes verj^ prominent. Prac- 
tically all of the porphyry on Shannon Mountain is veiT soft and chalky, the 
color as exposed in the tunnels and open workings being brilliantly white. The 
steep bluff between Chase Creek and King Gulch consists of a normal yellowish- 
brown quartz porphyry, with many rusty small quartz seams. Weathered out- 
crops of porphyr}* often show large stains of ^' green paint," an efllorescence of 
dark-green mammillary crusts which have been shown to consist of a mixture of 
silica, oxychloride, and nitrate of copper (see p. 121). 

The hydrothermal alteration of the Metcalf porphyry chiefly consists in a 
sericitization by which all of the feldspathic constituents, both phenocrysts and 
groundmass, become converted into a tine-grained sericite felt, while the quartz 
remains unaffected. In many places, as in the Metcalf mines and in many of the 
dikes of Shannon Mountain, pyrite and chalcocite have been introduced, the former 
in small crystals contemporaneoush^ with the sericitization, the latter added at a 
later date. Finally, the porph^'ry is nearly everywhere extensively fractured and 
cemented by quartz veinlets running in all directions, but chiefly northeasterly, 
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b}' friction breccia or slickensides, realh' good exposures being nowhere obtain- 
able, it .seems evident that these conditions can not be explained except on the 
assumption that the gmnite contact marks a sharpi}' defined fault plane dipping 
southeast at a moderate angle. Similar phenomena were observed elsewhere in 
the Clifton quadrangle. 

No evidence of faulting was observed along Chase Creek above Metcalf, and 
it seems more likely that the main fault plane referred to above takes a more 
southerlv trend westward from the Matte tunnel and is hidden below the mass 
of debris. In no place is there any indication of workable bodies of copper ores 
along this fault. The dislocation is easily measured b}" the position of the 
quartzite. North of the Shannon Gap, a short distance beyond the margin of the 
Metcalf district, this rock rests on granite at an elevation of 5,700 feet, while in 
King Gulch the same contact is found at 5,000 feet, 700 feet l^ing probably a 
close approximation of the vertical component. The quartzite rests on Coronado 
Mountain at an elevation of 7,0(X) feet, 2f miles west of Metcalf. A fault of 
the first magnitude, with a north-northeast strike, is evidently located at the foot 
of the granite bluffs 1 mile west of Metcalf. 

Several minor faults probabl}' traverse the altered sediments, but the}' are 
difficult to ti-ace with certainty. One slight dislocation may follow the east con- 
tact of the central dike. Other minor faults are those on both sides of the 
quartzite at the foot of the King incline, throwing a block of this rock 300 
feet lower down, or to an elevation of 4r,7(X). 

The altered porphyry of the Metcalf mines contains man}" smaller slips and 
fissures, but many of these are of recent origin. 

As elsewhere in the quadrangle, the sedimentary blocks have often a slight 
dip of up to 20° W. This is noted at several places in the workings of the 
Shannon mine; but, as the quartzite on the east and west side of the mountain 
lies at approximately the same level, step faulting has probably taken place. 

GROUND WATER. 

As stated above. Chase Creek, below Metcalf, contains a small perennial stream 
of water, largely fed by springs in the bottom of the creek. At a short distance 
above Metcalf it is dry for some distance until, about a mile above town, fairl}^ 
strong springs again appear. These alternating conditions are repeated farther 
up. Small springs of good water break out in the lower part of Garfield Gulch, 
2 miles above Metcalf. Two or 3 miles farther up the bed contains a small but 
permanent stream of water. 

Coronado Gulch is dry, as is King Gulch, up to a point near the northeastern 
edge of the mapped area, from which point up pools of water of poor quality, 



318 COFFER DEFi>SIT.S OF CLIKTON-MORENCI DISTRICT, ARIZONA. 

containing iron and sulphates, remain at inten^als in the creek bed, some of them 
pernisting through the .summer. Shafts and wells sunk f^elow the bottom of 
Chase Creek always yield water. The general groundwater surface may be 
assumed to lie at the level of Chase Creek, rising gently east and west of this 
line. 

Nearly all of the workings on Shannon Mountain and King Ridge are jjer- 
fectU' dry, the only exceptions being found in the Shirley tunnel of the Metcalf 
mines, 325 feet above Chase Creek. Throughout the inner part of this tunnel 
there is a small amount of standing water, and in a 6iJ-foot winze sunk on 
the north ore body on this level, water stands 2<) feet deep and came in fast 
when sinking was in progress. In the King tunnel, on the same level, a small 
clav seam in the shale carries a little water. If the condition in the Shirlev 
winze indicates the nomial state of affairs, the groundwater surface would have 
risen 285 feet in 1,5(X) from the level of the creek. This is a far more i*apid 
rise than would be expected, and it is more probable that the water has accu- 
mulated in a local water pocket. 

ORK DEPOSITS. 

GENERAL FEATURES. 

It has al really been pointed out that widespread alteration has taken place 
in the poiphyry and in the sedimentary series, and that copper in varying amounts 
as chalcopyrite and as oxidized salts is widely distributed through these rocks. 
It remains now to descril>e in detail the bodies which contain a sufficient amount 
of this metal to l>e classed as workable ore. With the present cost of mining 
and extraction in southeastern Arizona, 2i or 3 per cent of copper may be con- 
sidered as a liniit below which profits of mining cease. 

The copper ores at Metcalf occur as indefinite todies in porphyry: as more 
regular !)odies by replacement of narrower porphyry dikes; as sheets and irreg- 
ular masses in limestoi e and shale at porphyry contacts; as flat bodies replacing 
certain strata in the sedimentary series; and, finally, as distinct fissure veins, gen- 
erally in the nature of composite veins or lodes. 

DEPOSITS WEST OF CHASE CREEK. 

Of the deposits west of Chase Creek, but few fall within the limits of the 
area shown on the map. The lowest tunnel of the Terrazas mine, on a fissure 
vein in porphyr}', is located at the southwest margin. South of Coronado Gulch 
and on the same jx)int are several insignific^mt prospects showing copper stains 
on joint planes of the porphyry. North of Coronado Gulch there is on the 
Triangle claim, at an elevation of 4r,7(»0 feet, a well-defined fissure in porphyry 
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striking N. 48° W. and dipping 45° NE. It is developed by a smalt incline 
shaft; the ore is a copper-stained porphyry with little seams of quartz with 
pyrite. On the same salient is the Ida, located on a small fissure at an elevation 
of 5,000 feet, between porphyrj' and a small gi*anite mass inclosed in it. Still 
farther up — outside of the area of the special map — are other small fissures 
carrying a little copper-stained porphyry and striking north, northwest, or 
northeast. The predominating direction of the joint planes is northeasterly, 
but another less prominent set of fractures crosses these with a northerly or 
northwesterly trend. 

DEPOSITS SOUTH OF KING GULCH. 

Ver}' few prospects are foimd among the rough outcrops of porphyry on 
King Ridge, which, with a northeasterly trend, divides King Gulch from Stand- 
ard Gulch. Near or on its summit there are, however, the two most prominent 
fissure veins of the area, on which are the King and the Jameson mines, both 
the property of the Arizona Copper Company. 

The King lode outcrops on the summit of the ridge, at an elevation of 5,560 
feet, as a ver}" strong and well-defined fissure vein. The deposit is connected, by 
an incline and a long tunnel through Shannon Hill, with the Metcalf system of 
mines. A large amount of fair oxidized ore has been shipped from this mine, 
and work was in active progress in 1902. The deposit is opened by two levels, 
60 and 120 feet below the croppings, both about 1,400 feet long. The upper 
one of these tunnels penetrates the ridge, and its southeast portal overlooks 
Standard Gulch. A winze has been sunk 60 feet below the lowest level. The 
country rock is porphyry, greatly bleached by sericitization and extensively 
cemented by quartz veinlets. The croppings, which are exposed for a distance 
of 1,500 feet, are well shown by a number of deep pits. The vein consists of a 
number of very sharply defined fissure planes striking north-northeasterlv, dip- 
ping 70^ NW., and in places occupying a width of more than 25 feet. Between 
these planes lies altered and crushed porphyry containing seams of chrysocoUa, 
malachite, and brochantite. The workings disclose several wide, irregular bodies of 
low-grade ore, most of which appears between the first and second levels. Good 
ore is also reported to have been encountered in the winze below the lower level. 
Copper glance is of rare occurrence, and no p^^rite was observed. Much ore 
was evidently extracted from the croppings, showing that extensive leaching of 
the surface had not taken place at this locality. The prospects seem good for a 
zone of chalcocite ore below the second level. 

The Jameson vein, a little farther down on the slope of the ridge toward 
King Gulch, is developed by two tunnels, the lower one at an elevation of 5,040 
feet, while the croppings have an elevation of 5,350 feet. Much chalcocite ore 
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of good grade has l)een shipped from this mine b\' way of the King incline. 
Active sloping was carried on in 1H02. The main working tunnel is a crosscut, 
which in a short distance strikes a well-detined vein having a northeasterly course 
and a moderate northwesterly dip. On this level the vein soon opens to an oie 
IkkIv having a width of up to 50 feet. Foity feet al)ove the tunnel level the 
width is 20 feet. The ore, which occurs in softened white porphyry of the usual 
Metcalf type, consists of disseminated pyrite coated with chalcocite, the ore body 
extending on l)oth sides from a centnil seam of glance and pyrite. The «Iameson 
vein is joined by another, striking a little west of north and dipping 60^ NE. 
Where these two veins meet a large ore body results. The drift farther northeast 
on the vein on this level shows much pure pyrite disseminated in porphyry', and 
the ore is of poor gmde. The richest l)odies of chalcoc*ite ore were found about 
200 feet above this level. Small amounts of oxidized ores occurred near the surface. 



METCALF MINES. 

The Metcalf mines belonging to the Arizona Copper Company are situated on 
the southern slope of Shannon Mountain up to an elevation of about 5,20l> feet, 
or 800 feet above Chase Creek. Owing to the prominent outcrops the mine was 
one of the earliest locations, and active work on a large scale had alread}' been 
begun in 1879, when the railroad between Clifton and Metcalf was built, and has 
been carried on without any interioiption since that date. The total production 
is difficult to ascertain, as the ore is smelted with the Longfellow ores. During 
the last few years the Metcalf mines may have produced, roughl}', 5,000,000 pounds 
of copper per annum, and a total of 20,000 tons is probably a conservative figure. 

All of the workings of the Metcalf mines are situated on the south shoulder 
of Shannon Mountain between the elevations of 4,700 and 5,100 feet. Most of 
the ore has been taken from a series of open cuts or quarries on top of the 
ridge, at elevations between 5,000 and 5,100 feet, occupying a triangular area 
containing about 10 acres. A considerable amount has also been stoped from 
several levels by the square-set method. The levels are as follows: 

Lereh of the Metcalf ntiius. 



Level. 



Quartzite tunnel and first level 

Second level , 

Wilson level , 

King and Little Giant levels?.. 



; Elevation 
' abovt 'ea. 
in feet. 



4,978 
4, 938 
4,836 
4,740 
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There are no tunnels below the King level. A shaft was sunk some years 
ago in the creek bottom at the upper end of the town, but although some seams 
with a little ehalcocite were found the workings are said to have failed to dis- 
close any ore bodies of value. 

The prevailing rock is a soft, white, sericitic porphyry, greatly shattered 
and cemented by quartz seams. The deposits lie practically entirely in this por- 
phyry close to the point where the main stock breaks up into a maze of dikes 
and enters the sedimentary area. From the name of the principal claim this 
mass of porphyry is sometimes spoken of as the ^'Little Annie dike,'' although 
it really only forms a part of the main stock. 

In the northern part of the main ore-bearing area the porphyry' contains 
irregular masses of " iron rock," which is chiefly a mixture of limonite and quartz 
and as to origin mainly a metamorphosed limestone. Most of the underground 
workings also disclose bodies of shale or metamorphic limestone which appear to 
be contained as inclusions in the porphyry. The surface to a depth of 80 or 40 
feet is leached and contains only a small percentage of copper, the porphyry 
being stained by numerous seams of limonite. The ore lies below this and con- 
sists of a white, soft porphyry with irregular seams of malachite, chrysocolla, 
brochantite, more rarely azurite, cuprite, native copper, and ehalcocite, the latter 
three minerals occurring in irregular bunches, chiefly in the stopes above the 
Wilson level. Some very fine specimens of intergrown native copper and cuprite 
have been found, covered with malachite, azurite, brochantite, and chrysocolla as 
green and blue crusts. No chalcopyrite has been noted; p^'rite occurs fairly 
abundantly in seams on the Wilson level. The ores have generally been deposited 
by replacement in the mass of the porphyrv; quartz and sericite, together with 
a little kaolin and chalcedony, are the only important accompanying minerals. 

The general trend of this copper-bearing zone is north-northeast, but its 
limits are indefinite, gmdually shading oflF into nonpayable, though mostly altered 
porph3n*v. The whole ore body ma}^ average 2 or 2^ per cent, which, by sort- 
ing, is carried up to Si per cent. A large amount of higher-grade ore, however, 
has been stoped on the Wilson level. Minor slips^and faults are very plentiful, 
but they run in all directions and do not form a well-defined shear zone or joint 
system. Slips with an easterly or northeasterly direction are perhaps most 
prominent. The whole ore body extends in a general north-northeast direction 
and the underground stopes also have this trend. 

The first level, which is 45 feet above the top of the longer incline, runs 
near the surface, connectin^ia labyrinth of surface cuts and open quarries. 

The so-called quartzite tunnel on this level, 600 feet north -nortlieast of the 
top of the big incline, penetrates the hill for 300 feet in a nearly easterly direc- 
tion. It is driven in the lime shale, which adjoins the so-called Little Annie 
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porphyry dike on the northwest and struck the Coronado quartzite at ita farthest 
point. No ore bodies of importance are opened by it. 

The second level opens the main body of porphyry, and in many places 
stopes extend to within 30 feet of the surface from it. It is intended to open 
thiB whole deposit as a vast quarry from this level and to employ steam shovels 
in the mining. The main stopes are situated about 600 feet northeast of the 
mouth of the tunnel near the top of the larger incline. The porph^'ry on this 
level contains many streaks of iron rock, most of which represent thoroughly 
altered fnigments of shale and limestone. At only one place, near the north 
end of the level and not far from the quartzite tunnel, was clearly recognizable 
shale noted. At this point a body of 7 pt*r cent ore several sets wide was 
extracted. 

The Wilson level, 100 feet below the second level, is for the first 360 feet 
a crosscut in rather fresh and compact porphyry, containing many small seams of 
pyrite. At the end of this crosscut the ground below the surface stopes is s^s- 
tematically prospected by a quadrangle of drifts, the farthest point of the workings 
being 600 feet east of the tunnel portal. In this level the porphyry contains 
many slips, chiefly running east and west, and some small wedge-like masses of 
clearly recognizable shale. Pyrite seams are abundant, containing a little chal- 
cocite, but no great amount of ore was found up to about 30 feet above the level. 
Here a long line of stopes have been opened and are mined up toward the second 
level. They are approximately 450 feet east of the portal, and extend for over 
200 feet in a general north-northeasterly direction up to 50 and even 70 feet 
wide. At the west side lies a wall of shale not clearly exposed in the second 
level. The stopes contain in places very rich ore with much cuprite, native 
copper, and chalcocite in a bleached porphyry. There is also a smaller amount 
of brochantite and malachite. 

On the lowest level, 100 feet below the Wilson, the ridge has been pierced 
in an east -southeast direction by the King tunnel, 1,700 feet long, constructed as a 
convenient outlet for the pre from the King and the Jameson mines. Its central part 
is below the most northerly surface cut- and stopes on the second level, but no 
important ore bodies have been opened by it. The first 550 feet are in porphyry 
covered with efflorescence of chalcanthite; 350 feet from the mouth the rock 
becomes harder and contains some pyrite; at 450 feet a well-defined sesun with 
some copper ore crosses and has been opened for some distance east and west, but 
in the latter direction becomes indistinct upon reaching hard porphj^ry. A belt 
of lime shale 200 feet wide begins 550 feet from the portal; it contains seams of 
pyrite and calcite, but very little copper ore. Near the west contact of this 
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shale a distinct vein crosses with 10 feet of breccia and some chalcocite. Beyond 
this follows a belt of hard pyritic porphyry 80 feet wide. Shale then begins 
again with well-welded contact and continues for over 400 feet. Only one small 
seam, dipping north, cuts across it. At 400 feet from the east portal hard 
porphyr}' begins, but soon becomes softer, and like the rock at the west portal 
is coated with efflorescence of copper sulphate. At the east portal a slip strik- 
ing N. 20*^ E. and dipping 50^ W. separates pyritic porphyry on the west, from 
quartzite on the east. 

Two belts of lime shale occur on the surface above the tunnel, but are much 
narrower and do not correspond in position with those crossed by the adit. 

The universal distribution of pyrite through hard rocks in the center of the 
ridge and the efflorescence of sulphate near the portals in the decomposed rocks 
should be noted. 

On the same level and not far distant is the Shirley or Little Giant tunnel, 
which opens a deposit different from those just described and more similar to the 
Shannon ore bodies. The tunnel runs for 300 feet northeasterly through iron 
rock and less altered lime shale. It then bends eastward and in this part several 
short crosscuts have reached porphyry corresponding to the open cuts of this 
rock mined above. Two main ore bodies are contained in the lime shale; the 
tirst lies 100 feet west of the adit, evidently following the course of the narrow 
porphyry dike which shows above on the surface. These stopes have a north- 
easterly direction and are 120 feet long and up to 18 feet wide; the ore, which 
is rich, consists of chalcocite and copper carbonates. A slip dipping 45*^ NW. 
borders the ore body on the northwest side. The second ore body is in the main 
tunnel and has more the form of a shoot or pipe. Both extend to the surface, and 
also below tunnel level, as shown b}' two winzes 90 and 60 feet deep. 

SHANNON MINE. 
DEVELOPMENT. 

This property, owned by the Shannon Copper Company, consists of some 20 
claims loc>ated contiguously and covering the summit and upper slopes of Shan- 
non Mountain, but extending in one place on the west side down to Chase Creek. 
Originally the property consisted only of the Shannon claim, one of the earliest 
locations in the district, which contains most of the important ore bodies, but in 
1900 a number of surrounding claims were purchased from the Arizona Copper 
Company and active development of the property began. Smaller quantities of 
rich smelting ore had been shipped previous to that date from the croppings of 
what are now known as the central and the Black Hawk ore bodies. Since 1900 
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the property has l^een developed by several thousand feet of workings, chiefly 
crosscuts and drifts. The principal tunnels are as follows (Pis. XIX, XXIV): 

TaimeU of the Shannon mine. 



Elevation 
in feet. 



Elevation 
in feet. 



Smoky, Brown, and Kelly tunnels (116 

feet Ixjlow the sumuiit) 5, 506 

Mexican tunnel ! 5, 467 

Young tunnel 5, 422 

Clinio tunnel 5, 413 

Boulder, Shannon, and Maan tunnels . . 5, 339 



Black Hawk tunnel No. 2 

Harrinon tunnel 

Wiseman tunnel 

Black Hawk tunnel No. 3 
Matte tunnel 



5,298 
5,270 
5,179 
5, 176 
5,000 



Several shafts and winzes connect these tunnels; Green shaft, at the mine 
oflSce (deviation of collar 5,530 feet), extends to Black Hawk No. 2 level; Young 
shaft from the surface to Young tunnel. The developments are very extensive, 
consisting of several miles of drifts and tunnels. 

The Boulder tunnel is used as the main outlet for the present. It connects 
by a short tramway with the prominent point, 1,000 feet west of Shannon Moun- 
tain, fiom which a very steep slope descends directly to Chase Creek. On this 
slope the incline has been laid out. This incline is 1,200 feet long and has an 
average descent of 35 degrees. It is provided with double tracks and extensive 
ore bins, from which the ore is directly loaded into the cars which conve}' it down 
to Clifton, where the Shannon smelter is situated. The incline is of course 
operated by gravity and is controlled by brakes operated by compressed air. 

GEOLOOIC^AL FEATURES. 

As described above in the paragraphs devoted to the general geolog}^ Shannon 
Mountain is occupied by horizontiil or gently inclined Paleozoic limestones which 
seem to comprise the whole series from the base of the Ordovician to the lower 
part of the Mississippian, a total thickness of 530 feet. This body of sedimentary 
rocks forms a somew hat irregular, equilateral-triangular area with a side of about 
2,000 feet. On the south it is adjoined by a very large area of porphyry which 
near the limestones breaks up into a number of dikes irregularly penetrating the 
sedimentary rocks. On the north and noilhwest side the limestones are adjoined 
by granite and are undoubtedly separated from them b}- a prominent fault. The 
sedimentary series is greatly broken by the effect of the intrusion as well as by 
subsequent faulting, and the horizons are sometimes difficult to identify. At the 
base lies 100 feet of quartzite resting in places on granite and in places on 
porphyry, which also breaks through it. 



u.>.a 


KUXKA 


Ltu-rtr 












no 


FfllOUL P>.CR NO. ., 


FL. 


»■« 




rui 


/. vrr,c^ 


1 


* 

1 


'Ofrt 


^mi 




1 


< 


! 

1 


1 

1 


1 






1 


i 


v^W 



. SHANNON MINE, LOOKING SOUTI 






INCIPAL TUNNELS. 




!\ 



i-, i «> 




SHANNON MINE. 325 

The limestones are affected b}^ very extensive mineralization and contact 
metamorphism. The top of the mountain consists of a solid mass of garnet, 
magnetite, and limonite, and most of the limestone on the west side is very 
greatly altered to magnetite and garnet, these constituents being again decomposed 
into silica and brown oxide of iron. On the east side, below the cap rock of 
garnet, the limestones appear somewhat less altered and their stratification and 
dip can be more clearly ascertained. 

The porphyry and sediments of the Shannon claims contain throughout a 
varying amount of copper, which in places is so high that the rocks may be 
considered as copper ores. 

ORE BODIES. 

The developments have disclosed a number of large ore bodies, usually sepa- 
rated indetinitely and irregularly from the surrounding rocks. They consist in 
part of altered porphyry dikes with disseminated copper minerals, but some of 
the largest and most important were evidently originally calcareous sediments 
which have been subjected to contact metamorphism and subsequent oxidation 
by atmospheric waters. 

Comet claim, — This covers Shannon Grap and part of the rising ridge north- 
ward from it. Shale is exposed at the gap, but is soon covered by heavy garnet- 
magnetite rock, which continues to the main contact with the granite, 900 feet 
north of the gap. This garnet rock, representing part of the Modoc formation 
(Mississippian), is cut by two dikes. Shale continues at about the level of the 
gap along the east slope, while on the west slope there is a gentle declivity 
which is deeply covered by granitic debris, below which granite outcrops. 
Quartzite was noted in a small outcrop in this area 200 feet north of the Shan- 
non boarding house. The dike which runs on the east side of the boarding 
house soon bends westward and continues in shale down to the granite contact, 
beyond which it can not be traced. Its maximum width is 100 feet. 

The Comet claim contains indications of ore at several places and naay well 
yield good results upon more thorough prospecting. 

Bkick Hawk ore bodies, — The Black Hawk porphyry dike cuts through the 
Morenci shales at the gap; near this place it is from 25 to 50 feet wide, soft 
and decomposed, sometimes sheeted, striking south-southwest and dipping 65^ to 
70^ WNW. The tirst workings of importance are near the Climo tunnel (eleva- 
tion 5,430 feet), which near the portal cuts this dike. The ores consist of 
much azurite and some malachite, together with limonite and black-manganese 
minerals; they occur in the shale on both side^ of the porphyry, partly also in 
the latter, and have been taken out to a width of 20 feet. At 600 feet southwest of 
the Climo tunnel the Boulder tunnel cuts the same dike and exposes 8 feet of 
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cuprite and chalcocite ore on its west side: the ore is largely derived from shale, 
but is also found of lower grade in the porphyri' dike, which as usual is soft 
and altered. The clay shale adjoining the porphyry on the east contains pyrite, 
chalcopyrite, and chalcocite in small seams, and for a distance of 3(Nj feet, up to 
the OflSce or Central dike, carries from 1 to 3 per cent of cop|)er. Several small 
masses of porphyry occur in it and these are usually richer, containing much 
disseminated chalcocite. A short distance south and north of the Itoulder tunnel, 
at slightly higher levels, the Black Hawk stopes follow the dike of the same 
name, each of them being 12^) feet long, up to 50 feet wide, and extending to 
the surface, a distance of 75 feet. Much rich azurite ore has been extracted 
from these stopes and considerable of lower grade remains. 

Black Hawk No. 2 tunnel, 200 feet south of the Boulder tunnel, at an elevation 
of 5,298 feet, running northeasterly, develops the same ore. Weathered shale 
begins at the mouth and continues for several hundred feet. In the northwest 
drift the same porphyry dike is met, here dipping 45- NW.; it contains pay- 
able ore, and copper carbonates are found in the shale along the contacts. 
The northeast drift is in clay shale to the end; it dips slightly northeast and 
contains a little pyrite and chalcopyrite. The part exposed near the roof of the 
tunnel appears leached, while that near the bottom looks better and is said to 
contain up to 3 or 4 per cent of copper. 

The same ground is exposed by the Black Hawk No. 3 at an elevation of 
6,176 feet. The first hundred feet penetrate limestone and shale with some por- 
phyr3% all ver}- leached and rusty, with only a trace of copper; 400 feet from 
the mouth hard limestone begins. The porphyry dike is found 500 feet from 
the mouth, for whi(*h distance the tunnel maintains its northeasterly direction. 
It contains no payable ore. The conipact, bluish-gray, parti}' dolomitic limestone 
contains some pyroxene and garnet as well as seams of pyrite and chalcopyrite, 
and is said to carry up to 3 per cent of copper. In one place the limestone 
contains a streak of long fibrous asbestos. 

Hed ore hody, — Cxood ore outcrops on the surface on the western side of the 
mountain along the road from the Shannon gap to the office of the company at 
the 5,542-foot bench mark. These outcrops extend for about 500 feet, with a 
considerable width, chiefly along the eastern side of the porphyry' dike designated 
as the "Centrar' or '^Office" dike. Along the road a few hundred feet north 
of the offic^e tine azurite and malachite ore with limonite and black-manganese 
minerals was exposed, the ores contained in greatly altered limestone, some of it 
still remaining in fairly fresh condition. A little southeast of the office is the 
Green shaft. At this place the ore is partly contained in the porphyry dike 
and consists of nearl}' pure brochantite. The surface extent of this ore body, 
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which is vertically above the main mass of the red ore body on the Shannon 
level, is given by Prof. John A. Church, in his report on the Shannon mine, as 
500 feet by 250 feet. Below this outcrop is poorer ore, while on the Mexican 
level, 80 feet below the surface, a body of gray ore (probably altered poiphyry) 
62 feet wide has been exposed. This again gives out in depth, but a little lower 
down its place is taken by the great red ore body on the Boulder-Shannon level 
(elevation 5,339 feet). Vertically l>elow the ofBco this tunnel cuts the porphyry 
dike, here only 17 feet thick. Immediately east of this begins the red ore body, 
one of the largest thus far found, which is said to average between 4 and 5 per 
cent of copper. The width along the Boulder tunnel is 135 feet; its length, as 
exposed by the two north crosscuts, is 330 feet. 

The dark-red soft ore consists of azurite, malachite, and brochantite, with 
much limonite, but there is little doubt that it originall}'^ consisted throughout of 
contact-metamorphic limestone. Residual bowlders of limestone occur in it and are 
usually coated by a layer of copper carbonates. Positive confirmation of this trans- 
formation was obtained by specimens from the north end in the second west cross- 
cut, which in a mixture of magnetite, fine granular quartz, and partly decomposed 
garnet contain some remaining grains of chalcopyrite. The specimens are traversed 
by seams of calcite, limonite, fibrous chrysocolla, and malachite. West of the 
dike the same level cuts through cupriferous Morenci shales, as described above, 
so that it seems possible that there may be a slight displacement along the office 
dike, the eastern block having been relatively raised about 50 feet. In the second 
and third we^t crosscuts, near the end, barren shale was, howev^er, met, which 
seems to dip below the ore body. The exact stratigraphic relations are not quit^j 
clear. Through the center of the ore body a narrow and greatly altered por- 
phyr}^ dike passes. • East of the red ore body the Boulder tunnel and the second 
north drift pass through hard dolomitic limestone, clearly of a Devonian or 
Ordovician horizon; though easily recognizable, this is considerably altered. A 
specimen from the breast of the second north drift, below the southern end of 
the Big stojw, is a greenish-gray fine-grained rock with disseminated pyrite and 
chalcopyrite. Part of the lime-magnesia carl>onat<^. is irregularly replaced by 
epodite, pyroxene, and garnet, intergrown with the sulphides mentioned. 

The vertical extent of the red ore body is not exactly known; it shows 
great variations in its tenor and perhaps will not retain its whole areal extent 
as shown on the Boulder level very far above or below it. On the whole, the 
ore evidently follows the east contact of the central dike, widening lat-erally 
wherever the rocks were favorable to the mineralizing action, a feature also very 
common in the contact-metamorphic deposits of Morenci. On Black Hawk No. 3 
level (elevation 5,176 feet) the office dike is barren and contains no pyrite, while 
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the hard, partly metamorphosed, dolomitic limestones on the east contain frequent 
seams and disseminations of pyrite and chaleopj^rite associated with pyroxene, 
amphibolite, and magnetite. 

At 100 feet south of the Green shaft the first west crosscut, Shannon tunnel, 
passes through a porph3"ry dike 30 feet wide; south of this is shale, which 
really immediately adjoins the red ore body on the south. This shale continues 
for 150 feet southward. It is rusty, contains seams of pyrite and chalcopyrite 
similar to the shale between the Black Hawk and office dikes of the Boulder 
tunnel, and forms a large but low-grade ore body the extent of which is not 
fully known. 

Southern ore hodies. — ^The several porphyi'y dikes traversing iron rock 500 
feet south of the summit of Shannon Mountain converge eastward and iiin into 
the strong Wiseman dike, which extends down the southern slope of Shannon 
Mountain. The surface rock is generally leached, but at a depth of 100 feet 
becomes productive and contains disseminated chalcocite. The Young tunnel, 
trending northeast and having an elevation of 5,422 feet, traverses 200 feet of 
leached porphyry and then exposes a mass of poiphyry 200 feet wide, well 
impregnated with pyrite and chalcocite, forming an ore of very good grade. 
Similarly, the first few hundred feet of the Shannon tunnel (elevation 5,339 
feet), 180 feet east of the Young tunnel, are in low-grade leached porphyry. 
But the first east drift and the Maas tunnel on the same level exposed the same 
body of porphyry with disseminated pyrite and chalcocite, forming a body of 
concentrating ore of excellent grade, said to be up to 200 feet wide. The shale 
adjoining this dike contains values for a few feet from the contact, but farther 
away is mostly barren. 

The Wiseman tunnel cuts the same dike about 400 feet farther northeast 
and 160 feet lower (elevation 5,179 feet), penetrating first 500 feet of limestone 
and lime shale, the latter, in places, containing a little cuprite. The dike is here 
over 100 feet wide and contains chalcocite and pyrite. The ore is said to be of 
a good concentrating grade. It is believed that much low-grade ore is avail 
able between this level and the Young tunnel, 250 feet higher. 

Central are body, — It remains to describe the highest ore body of the hill 
directly underlying the iron rock of the Shannon Summit. This ore, usually 
referred to as the central ore body, was discovered at an early date and some 
rich ore stoped before the organization of the present company. Access to it 
is obtained from the Smoky and Brown tunnels on the east side of the hill 
and from the Kelly tunnel near the Green shaft; these are at a level of 5,506 
feet, but the ore body in places extends 45 feet above this elevation, and also 
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the same distance below, down to the level of the Mexican tunnel, started on 
the east side of the hill 200 feet south from the portal of the Brown tunnel. 
Old stopes are found at the mouth of the Brown tunnel, where the heavy iron 
cap forms a bluflF above the shale; the stopes are cut 20 to 30 feet high in the 
lower part of the iron rock, which, as indicated above, is a replacement of lime- 
stone by garnet, magnetite, and copper ores. The so-called Big stopes, which 
are 30 feet high and from which ore was extracted several years ago, are 
situated on the level of the Smoky tunnel, 200 feet west of the mouth of the 
Brown tunnel. South of these the drifts on the Smoky level have disclosed a 
larger body of ore, 200 by 300 feet in horizontal section, containing 30 to 45 
per cent of iron and from 6 to 8 per cent of copper, as malachite, azurite, and 
brochantite; there is also much pyrolusite, and the mass of the ore consists of 
hematite and limonite. The primary character of this large mass of oxidized 
material is not clearly perceived at once, but on the outskirts of the body garnet 
and magnetite are apt to be found, indicating its original composition. Chal- 
copyrite is in all probability the mineral from which the oxidized copper has 
been derived. As stated, the ore extends in places down to the Mexican level 
in the shale, where chalcocite is occasionally found. The so-called sulphide winze 
extends from the Mexican down to the Boulder tunnel, near the southern end 
of the central ore body. Here the central ore body extends down to within 18 
feet of the Boulder level along a seam dipping 70° W. The ore, which is only 
a few feet wide, but very rich, contains chalcocite, cuprite, and metallic copper; 
a porphyry dike lies on the east side and shale on the west, the ore making 
between the two. South of this point the drifts on the Smoky tunnel run into 
barren shale dipping 20° W. 

On the whole the central ore lies as an irregular horizontal body in the 
lower part of the Modoc (Mississippian) limestone, only in places reaching down 
into the shale; it should be considered as the product of surface oxidation acting 
on a rock consisting of magnetite, garnet, and chalcopyrite, itself a replacement 
product of limestone, by contact metamorphism. The ore is often loose and cel- 
lular, indicating a reduction of volume; cavities with roofs of reniform limonite 
are sometimes found in it. 

Analyses of m^es, — The following technical analyses have been kindly put at 
my disposal by the officers of the Shannon mine. They are not meant to repre- 
sent the average of the ores as to percentages of copper, but simply to give a 
general idea of their composition. 
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Analy»en of oxidized and gulphide or^tfrom Shannon mine. 



Shannon tunnel. 



.Smoky tunnel, central ore body. 



West ore No. 1 
body, croesvut 



Sul- 
phide 
, drift. 



I. 



Cu , 34.2 

SiO, i 5.2 

Fe 18.7 

Al,0, 2.5 

CaO None. 

MgO None. 

Mn None. 

Zn Trace. 

8 JTrace. 

8<), JTrace. 

CO,-hH,0 1 19 



II. 

11.7 

27.8 

28 
7 
None. 
None. 
None. 
None. 
None. 
None. 

11.1 



III. 



10.7 
6.2 

47 
4.5 



IV. 

— i 

4.4 
45 
26.9 I 

5.8 



V. 



None, i Trace. 



None. 
.3 



Trace. 
.5 



. 9 None. 
None. I None. 
None. None. 



7.6 



6.1 



1.6 

20 

49.4 

5.2 

None. 

None. 

.3 

Trace. 

None. 

None. 

2.2 



VI. 

6.3 
24 
39.1 

9.7 
Trace. 



vn. 



4.8 

67.5 

12.3 

3.6 

None. 



VIII. 

7.8 
24.9 
30.5 

9.1 



IX. 



10.4 
47 
9.1 
13 



2.62 
36.06 
19.52 
14.12 



XI. 

5.14 
16.94 

1.58 
22.41 



1.9 None. 



Trace. None. None. 



3.1 



None. 

1 
None. 
None. 

6 



None. None. ■ None. 
.9 al.6 i 1.8 

.2 3.1 

None. 
8.6 




7.76 1.52 



11.10 4.20 



a Up to 9 per cent Zn. 



Analyses I-VIII represent the central ore body; the red ore body is in gen- 
eral of similar composition. The ores consist of limonite, malachite or azurite, 
and silica. But in several of the analyses, after subtracting a sufficient amount 
of carbon dioxide from the '' ignition " to form copper carbonates, there is not 
enough water left to account for all of the iron as limonite and much of it must 
be present as hematite or even as magnetite. There is probably also some imper- 
fectly decomposed garnet in most of the samples to which the alumina and some 
of the silica belong. The absence of lime and magnesia is very striking. Zinc 
and manganese are present in nearly all cases, though they are not concentrated 
as in the iron rock covering the ore bod}' (see p. 814). The total oxidation of the 
sulphides is noteworthy, as is also the absence of basic sulphates so prominent in 
some of the oxidized porphyry ores. No. VIII is an exceptionally siliceous ore, 
such as mav occur in small bunches in the ore bod v. 

Analyses IX, X, and XI represent the porphyiT ores containing chalcocite and 
pyrite, which as a rule are much richer in silica and alumina in form of sericite 
and kaolin; in X pyrite predominates over chalcocite. 

DARK HORSE ORE BODY. 

At the upper Dark Horse tunnel overlooking King Gulch, 1,100 feet south- 
east of Shannon Mountain, a small body of rich ore occurs. The elevation is 
5,100 feet. The ore was contained in a small body of lime shale, evidently 
wholly embedded in porphyry. No. 2 tunnel was driven in 144 feet below this 
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ore for a distance of 300 feet entirely in highly altered quartz-cemented granite. 
In its farther end is white, soft ore of fair grade containing disseminated pyrite 
stained black by chalcocite. 

Somewhat similar to this is the small body of ore on the Keystone, belonging 
to the Arizona Copper Company, and located 2,000 feet north of Shannon Moun- 
tain. It contains carbonate ore in dark altered lime shale, whoU}' surrounded by 
porphyry. 

METASOMATIC ALTERATION. 

In their present form the rocks and ore deposits of Metcalf district are the 
result of several kinds of metasomatic action often superimposed on the same 
material. It is the purpose here to analj^ze and classify these processes, as far as 
possible, in order to give an insight into their relative characteristics and importance. 

CONTACT METAMORPHISM. 

No evidence has been found which would indicate that metalliferous deposits 
of any kind existed in this area previous to the irruption of the porphyry. Neither 
the granite nor the sedimentary series is believed to have contained any valuable 
minerals. Even disseminations of pyrite, so common in man}^ rocks, are absent 
except in the immediate vicinity of the porphyry. That the porphyry magma 
carried aqueous solutions of salts of both the heavier and the lighter metals has 
been shown from the character of the inclusions contained in it (p. 215). This 
granted, it is easily understood that by the intrusion of the rock into higher 
levels of the earth's crust and the attendant reduction of pressure, these aqueous 
solutions should have been released and, pressing outward, exercised an influence 
upon the surrounding cooler rocks. The alteration produced b}' these substances, 
aided by the high temperature obtaining, is called contact metamorphism, and is a 
phenomenon extensively studied and fairly well understood. In the nature of things 
calcareous and shal}^ rocks would be more influenced than silicate rocks like 
granite or quartz rock like quartzite. The temperature for some distance from 
the contact of the molten rock would be very high, and the watery solutions 
would exist as true gases as far as the temperature would exceed +370^ C. and 
the pressure 200 atmospheres. 

The conditions for the study of contact metamorphism are less favorable on 
Shannon Mountain than at Morenci, on account of the small mass of sediments 
involved. But the resulting products m the various members of the series are 
entirely similar. The contact metamorphism caused a replacement of the limestone 
by the lime-iron garnet, diopside, tremolite, epidote, quartz, specularite, magnetite, 
pyrite, chalcopyrite, and zinc blende, more or less calcite usually remaining in the 
final product. This replacement was most remarkably complete in the upper and 
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very pure Modoc limestone, while the lower dolomitic and siliceous limestone was 
onh' partly altered. The clay shale was less extensively affected, but near the por- 
phvry epidote, magnetite, pyrite, and chalcopyrite were developed in it. The 
replacement usually took place throughout the mass and not along cracks and fissures. 
In the Modoc limestone the contact-metamorphic sulphides have l)een thoroughly 
oxidized, but we can infer from analogy and from occasionally preserved specimens 
that the}' consisted of chalcopyrite and zinc blende. But in the lower limestones 
the process of replacement is followed very easily and indicates the simultaneous 
formation of garnet, epidote, and chalcopyrite. Cogent evidence that contact 
metamoii)bism took place while the magma was as yet fluid is perhaps more 
difficult to bring at this place than at Morenci. Most favomble to this view is the 
fact that in the shale and the lower limestone the development of contact minerals 
is greatest in a zone of var^^ng widths on both sides of the dikes and rapidly 
diminishes away from it; and, second, the fact that the isolated areas of shale and 
limestone on the south side of Shannon Mountain have undergone a far more 
intense alteration than the larger mass of sediments traversed by only a few dikes. 
At the close of this first epoch, which I would consider to have been completed 
at the time of the solidification of the porph3ry, the larger part of the outlying 
masses of sediments inclosed in porphyry and practically the whole thickness of 
the Modoc limestone must have l>een converted to garnet, magnetite, and sulphides. 
Similar conversion had taken place along the contacts of the shale and the lower 
(Longfellow) limestone with the porphyry dikes contained in them, probably also 
locally throughout these shales and limestones. Chalcopyrite and zinc blende 
were disseminated throughout the Modoc limestone, but most concentrated in the 
space now occupied by the central and red ore bodies. Chalcopyrite was also 
contained in varying amounts along the contact of the dikes in shale and lower 
limestone; but it is certain that all these ore bodies contained a smaller percentage 
of copper than at present. 

ERUPTIVE AFTER-EFFECTS. 

The typic^al contact metamorphism was followed by a second stage of most 
interesting phenomena, which are called eruptive after-effects, a word recently 
introduced by Professor Vogt. I hesitate to draw a strict line between these two 
processes, which rather seem to blend gradualh. The poi*phyry had consolidated 
but was probably still very hot. Stresses similar to those which prepared the 
way for the intrusion of the porphvry stock shattered the porphyry, and also in 
part the adjoining granite and sediments, producing northeasterl}- trending zones 
of joints in the former two rocks and irregular fractures in the third. Solutions 
soon ascended on these openings, and caused replacement in the granite and por- 
phyry by quartz, sericite, pyrite, chalcopyrite, and specularite. Over large areas 
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the massive bodies and the dikes of porous porphyry became filled with dissem- 
inated pyrite and chalcopyrite, the latter only in small quantities. In the lime- 
stones the solution deposited in addition ealcite, epidote, and magnetite in the 
fissures and caused along the walls of the cracks, by metasomatic replacement, 
a development of pyroxene, amphibolite, and magnetite. In the shale pyrite, 
chalcopyrite, and quartz were formed without extensive sericitization or pyroxenic 
alteration. That these solutions were hot is proved b\' the character of the liqiud 
inclusions (see p. 216); that they were derived from the porphyr}^ is almost con- 
clusively proved by the similarity of the inclusions in the quartz phenocryst of 
the porphyry and in the quartz in the veins. 

At the close of this epoch the porphyry had suflFered extensive sericitization 
and cementation by quartz. It contained also in places much pyrite and a little 
chalcopyrite. This alteration was most intense along the King and Jameson fis- 
sures, along the line of the present Metcalf mines, and in some of the dikes, 
notably the eastern or Wiseman dike. Lean ore bodies of disseminated chalcop}'^- 
rite had formed in the shales of the Shannon tunnel and in places through the 
whole mass of sediments except the already metamorphosed Modoc limestone, 
which was probabl}- too compact to be extensively shattered. 

OXIDATION AND FORMATION OF SECONDARY SULPHIDES. 

The processes described above took place far below the surface. The account 
of general geology shows that at least several hundred feet of Cretaceous strata 
covered the Mississippian in this region at the time of intrusion, and this thick- 
ness may have been much greater. Whether the ix)rphyr3' ever reached the 
actual surface as it existed then is doubtful; it is more likely that it spread out 
as sheets and laccoliths in the strata instead of breaking through. After the 
completion of the deep-seated processes an active erosion removed the larger 
pail of the covering strata, and thus exposed the ore deposits or brought them 
close to the surface. At this time oxidation of the pyritic minerals began, but 
was probably not continued long, for the whole country during Tertiary time 
became flooded by lavas of various kinds. Again during the late Tertiary and 
early Quaternary erosion had full sway, and once more exposed the ores to 
oxidizing waters. From this time to the present day, it is believed, extended 
the most important period of surface alteration. 

During the early Quaternary the ground-water surface must have been sev- 
eral hundred feet higher than now. It is believed that the most important 
changes were effected during that epoch, although in a measure the decomposition 
has progressed to the present time. Most simple is perhaps the oxidation of 
the ore bodies in contact-metamoi*phosed limestone. The oxidation of the mag- 
netite produced hematite and limonite, while the garnet yielded limonite and 



4iII«-a. UK liani^ Vj/^ia.^ ^i^rnfiA %w%j in <sofaihle form. The zzdc bfende w^ ib 
part 'itr*t*.-tlj coQvi^rt*^ into hjdrrxt? *alphate. ea»ilT ^able ami carried aw:&T 
bj cii^ peirriiatin^ wat^r?: in part into ^ili^-ate and carhocoite. which werp- more 
tMuiiriofz^j hfi:\d hj tfa#^ roirk. Thtfr pyritfr wat* oxidized into Iimonhe and f«MTo«B» 
imlphat^. the latti^r ea^ilT r*tnio^^hUt. .Sfmllarij the cfaideopvnte rielded limtjiiite. 
ferrooft ^alphate, and i^apric ^phate: aio*t of the latter wa;^ preeipitated a:^ 
iiiabu!faite and azurrte. and in part ai^ brot-hantite. bj n^ai^tiofi with :iolatiofi:» 
and rock.^ containing calcic oarbooate. ThL» protre^B wa:^ atx-ompanied by a 
reduction in volume and an enricfament of <!opper. 

Many of the^ie ore bodies crop on the Mirface and the Ymtnn: copper .^^aits 
have stabbomly re?tt»ted further leaching. But wherever pyritic porphyry adjoins 
lhe»e ores there ha* taken place a metaH[>CDatic repfaM^ement of pyrite by ehak-ocite 
by the action of sulphate ^/latioa*^ or the former mineral. When waters with fr^e 
oxygen reached thL* cbaL?ocite it changed to cuprite, metallic copper, broehantite. 
malachite, aznrite. and ^hry?^jr*oIIa. the imprite n:»oally being formed fir^t. The 
larger bodies of ore in porphyry are a^^nally covered by a leached zone 3i> to 
dO feet in depth. Below thi^ broehantite. malachite, aznrite. cfary^ocoDa. and 
cuprite are fonnd on <9eam.s in the rock: lower down there i^ an inerpa»ing 
amount of chalcrjvHte. which at ^till greater depth L* replaced by dL^tteminated 
pyrite and chal^^pyrite. On .Shannon Mountain the lower limit of this chaleocite 
zone would -?eem Uj lie about ±-><> to ^»> feet below the present ^^urhkcft. It i* 
apparently entirely in*lependent of the present water leveL but the :<ug3ze^on i^ 
offered that it may mark the approximate jrround-water :Hir£ace during the early 
PleL-t^j«rene or late^tt Tertiary. In other db^trict-* the occurrence of the <ecoaiiary 
cfaalcrxrite actually indicates the water level, and it has^ been found that the re- 
placement of pyrite by chaIco«*ite take:^ place only when oxygen Ls excluded or 
present in but ^^mall qiiantitie?». L'nder pret^nt condition.*^ the oxidizing waters 
ea^^ily reaith a considerable deptiu and the chaleocite zone b^ being ^wly ci>nverted 
into bat^ic sulphate and carbonate. 

Many Either lent* imp«irtant reactions take place by means of oxidizing and 
airifiic water*^, Amr>ng the«^ may be mentioned a (concentration of manganese in 
the garnet-magnetite rot^k. and the leaching of aluminum from ^^hale and also 
from porphyry in the form of hydrous sulphate by the action of sulphuric acid. 
Once formed the '^uIphate U easily removed, a-* it is very soluble. 

!*r3iMAeY OF 3fETCAI^ DEPOe^ITS^ 

DEPOSITS IN PORPHYRY. 

Deposits in porphyry may occur as irregular masses, or as tt2<isure veins^ or 
as dike deposits — that is. of deposit^ <!ODsLsting of the altered material of a por- 
phyry dike, following its strike and dip. Of the irregular deposits the Metcalf 
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mines form the most conspicuous example. No regular fissures can he detected; 
the seams in the porphyry run in all directions, but a certain elongation of 
the deposit in a northeast direction is noted. Briefly, the uppermost 40 feet are 
practically barren, with evidences of leaching and deposition of limonite. The 
next 125 feet contain ore bodies of great extent and low grade characterized by 
the mingling of chrysocolla, brochantite, azurite, and malachite, with a little 
cuprite and chalcocite; in the lower part of this zone cuprite and chalcocite pre- 
vail, the chalcocite yielding cuprite as a result of oxidation. Below this only 
very low-grade py^ritic ores disseminated in porphyry have thus far been found. 
The deposit lies on the summit of the ridge between King Gulch and Chase 
Creek. Irregular masses of dark iron ores, mixtures of silica and limonite, occur 
at many places, as well as some remaining recognizable shale. 

As an explanation of the above conditions the following may be advanced. 
The porphyry at this place contained man}' shattered fragments of sedimentary 
calcareous rocks, which, at the time of intrusion, suffered contact metamorphism 
with the formation of garnet, magnetite, chalcopyrite, and pyrite. The sur- 
rounding porphyry, like so much of this rock in the Metcalf district, after 
solidifying became impregnated with slightly cupriferous p3^rite. Oxidation of 
this material converted the chalcopyrite in the limestone to soluble salts, which 
upon filtering down through the porous porphyry replaced the pyrite by chal- 
cocite. Long-continued erosion reduced the level of the ridge and simultaneous 
oxidation altered the chalcocite partly to sulphates, silicates, etc. The oxidation, 
most intense near the surface, leached almost completely the uppermost 30 or 40 
feet. The deposition of chalcocite is probably largely a thing of the past, and 
the only important process now active is that of the oxidation of this mineral 
and gradual carrying away of the product of oxidation. 

The fissure veins, like the King and the Jameson, offer similar though slightly 
differing phenomena. The former shows as a lode cropping on the high summit, 
500 feet above the Metcalf mines. Here a depth of only 200 feet below the 
croppings has been attained, and the ores consist only of chrysocolla, malachite, 
and brochantite. This deposit, it should be observed, has suffered less from deg- 
radation than that of the Metcalf mines, and has thus remained undisturbed a 
longer period, during which oxidation could pursue its processes. We may 
assume a primary deposition of low-grade pyrite, oxidized to a depth of several 
hundred feet below the surface. In striking contrast to the relations at Copper 
Mountain, Morenci, the oxidized payable ores here reach the surface. A zone 
of chalcocite ore should be expected about 400 feet below the croppings. 

At the Jameson vein, the croppings of which are 200 feet lower down on 
the steep slope toward King Gulch, a considerable body of chalcocite-pyrite ore 
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was found, extending' from near the surface to a depth of S0() feet, at which 
point the ore in becoming more pyritic. The upper partsi of the croppings, with 
probably a large amount of green oxidized ores, have doubtless been carried 
away during the erosion of King Gulch. 

These relations to some extent confirm the belief that the chalcocite zone 
was formed during a previous epoch and under a different and higher level of 
ground water. Almost all of the porphyry dikes on Shannon Mountain contain 
disseminated copper ores and important ore bodies occur on the three largest 
ones. The surface is usually poor ore, but invariably contains some copper. 
The rock here is soft and crumbling, filled with seams of limonite, and chal- 
oanthite efferve^sces on the walls of the tunnels. In other words, all or nearlv all 
of the copper is in a soluble state and is being gradually carried away by 
atmospheric waters. This zone of leaching extends to a depth of about 1«)0 feet 
from the surface, when disseminated chalcocite appears and the porphyry assumes 
the character of an ore. At a varying and not yet fully determined depth the 
chalcocite disappears and somewhat cupriferous pyrite takes its place; this change 
is effected gradually within a distance of 2<H) or 300 feet. When the pyritic 
zone is reached we are evidently below the zone of alteration by surface waters. 
The rock is in the condition in which it was left at the close of the first mineral- 
ization. Whether payable ore will be found within this pyritic zone is doubtful. 
Judging from analogies none will be found. The chalcocite is without doubt 
deposited as a replacement leached from the decomposing cupriferous pyrite of 
the primary pyrite above by the action of descending copper solutions. On the 
whole, this course of alteration is the same as at Morenci. 

The Black Hawk dike is leached on the surface, but contains smaller bodies 
of ore — cuprite and chalcocite — on the Boulder and Black Hawk No. 2 levels, 
while it is barren on the lowest level attained in the No. 3 tunnel. The central 
dike is generally poor in its eastern part, but at the Green shaft contains a rich 
bfxiy of bnxjhantite almost at the surface. It is not payable on the Boulder and 
Black Hawk No. 3 levels; in fact, on the latter level it does not even contain 
pyrite. The largest ore l)ody is found in the Wiseman dike. Here again the 
upper 100 feet are barren, or at most contain stains of brochantite or other copper 
salts. High-grade chalcocite ore, at least 10<J feet wide, containing but little 
pyrite, is exposed on the Young level. On the Wiseman level, 250 feet below 
the Young, the dike, here 100 feet wide, contains chalcocite mixed with pyrite. 

DEPOSITS IN LIMESTONE AND SHALE. 

There remain to be considered the copper ores contained in the altered lime- 
stone. These occur in three ways: As vertical, tabular, or pipe-like bodies following 
the contacts of porphyry dikes; as horizontal tabular bodies following the strati- 
fication planes; and, finally, as irregular masses in the shale or limestone. 
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To the firet kind belong the Black Hawk ores and some others lining the 
eastern part of the centi*al dike; also many other occurrences, ns at the Shirley 
tunnel and in some places along the Wiseman dike. To the second belong the 
central and to some extent also the red ore bod}- . To the last division belong the 
disseminated chalcopyrite and chalcocite in the shale of the Shannon tunnel and 
the disseminations of chalcopyrite on the Black Hawk No. 3 level. The latter 
rocks, which are very fresh, represent the original condition of most of the 
ore bodies; they contain a not inconsiderable amount of chalcop3u*ite and in 
some places ma}' fairly be considered as ore. But oxidation is necessary to con- 
centrate the copper to a higher percentage by reduction of the bulk, and such 
oxidation has produced the rich masses of malachite and azurite in the central, 
red, and Black Hawk ore bodies. The zone of oxidation in the case of these 
ore bodies extends at most to a point 300 feet below the surface. Primary 
dissemination of chalcopyrite in greater abundance along certain suitable strata or 
along eruptive contacts was doubtless the first requisite for the formation of the 
ore body. Oxidation easily doubled or quadrupled the original percentage of 
copper. Chalcocite occurs very sparingly in these ore bodies, the abundant carbon 
dioxide converting all of the soluble copper salts to stable carbonates. Large 
amounts of oxides of iron and manganese accompany these ore bodies. Basic 
sulphate and chalcanthite are rarely formed. The altered limestones are not 
as pervious to waters as the porous porphyries; hence we find no such well- 
defined chalcocite zone as exists in the latter rocks. Neither is there such a 
prominent zone of leaching at the surface as in the porphyries. In many cases 
in the contact ores on the central and Black Hawk ore bodies the richest kind of 
azurite ore cropped practically on the surface. 

In shale, on the other hand, there is more evidence of surface leaching, as, 
for instance, in the first 100 feet of Boulder and Black Hawk No. 3 tunnels. 
The shale also contains a little chalcocite and appears to preserve its primary 
chalcopyrite better than does the limestone. 

Nothing definite can be said about the age of these oxidized ore bodies in 
limestone. The fact that they have re§isted leaching so vigorously emphasizes 
the slowness of processes of oxidation, and it would not be surprising if a large 
part of this oxidation had been eflfected in Tertiary time before the eruption of 
the basalts and rhyolites. The oxidation is of course still in progress at the 
present time. 

16S59— No. 43—05 22 



CHAPTKR X. 

CORONAD(J MOUNTAIN. 

GENEKAL STRUCTURE. 

On the south and east sides of the great granite "massif of Coronado 
Mountain, 3 to 4 miles north-northwest from Morenci, are located several mines 
and prospects, most prominent among which is the Coronado mine. 

One of the dominant topographic features is the quartzite ridge which begins 
1 mile north of Morenci and continues with elevations of from 6,(XK) to 6^'SOO 
feet up to the Coronado mine. This forms the divide between Ekgle Creek and 
Chase Creek; the slopes toward the latter are more precipitous, broken by many 
salients, while gentler declivities lead down to the sloping lava plateau filling the 
basin of Eagle Creek. Northward the great mass of Coronado Mountain fomis 
the second topographic unit, rising with dark-red, bare or scantily foresteil slopes, 
its sides deeply scored b^^ ravines, sometimes lined with nearly perpendicular 
bluffs. 

The geological features are simple in conti'ast to the confused complication 
of the structure near the Morenci mines. The Coronado massif consists of coarse 
granular pre-Cambrian granite; on the gentler slopes this is generally disintegrated 
to coarse sand or loosely coherent rock, in which red orthoclase and quartz are 
the only recognizable minerals. Thoroughly fresh granite is not obtainable on the 
surface. On the flat top rest 200 feet of Coronado quartzite, the basal member of 
which is a coarse conglomerate of quartz and quartzite. On the north, east, and 
south side this massif is limited b\' fault lines along which profound disloca- 
tions have taken place. It may be considered as a solid block, a remainder of a 
larger area, the peripheral pacts of which have been broken off and sunk down. 
On the south it is limited by the great Coronado fissure, with a downthrow of 
1,200 feet on the southern side. In evidence of this the ridge south of the fault 
is covered by the same quartzite which caps the top of the mountain and in the 
absence of any indication of Assuring in the granite between these quartzite 
areas it is probable that the whole of the dislocation has occurred on the 
known fault plane. The thrown block dips to the west, gently near the top of 
the ridge and more decidedly farther west in Horseshoe Gulch. On the Chase 
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Creek side granite is genemlly found at a short distance below the crest, while 
on the west side the quartzite covers the whole slope for 1^ miles; finally near the 
point where the older formations disappear below the lavas of Eagle Creek the 
dip, increasing to 20^ and 30^, brings in the Silurian and Devonian limestones, 
which overlie the quartzite in the normal se<;tion. Thi.> great quartzite block is 
again cut by minor, chiefly northeasterly, faults (PI. 1), and south of Hoi-seshoe 
Gulch has again sunk relative to a smaller triangular block of granite and 
quartzite, here bordering against the basalts of Eagle Creek. 

Southeast of Coronado Mountain the great fault runs out in granite and 
can not be readily traced. But the bluflfs and the sheeting of the rock indicate 
that it bends northeasterly and runs at a short distance west of the Metcalf stoi^k 
of porphyry, which thus assumes the character of a deeply sunken block. East 
of the great mountain the presence of the limestone masses in Chase Creek near 
Garfield Gulch indicates the same or a closely related fault, the plane of which 
dips 45^ E. and the throw of which is about 2,000 feet. 

ORE DEPOSITS. 

The majority of the deposits in this area are fissure veins containing oxidized 
copper ores in their upper levels. The exploration is rarely extensive enough to 
indicate their exact character in depth. Some of them, notably the Coronado vein, 
diflfer very much from the prevailing types of Morenci and Metcalf deposits, 
first, in their position on fault planes, which usually, in this region, are barren, 
and second, in their association with diabase instead of with the normal Morenci 
or Metcalf porphyry. 

CORONADO VEIN. 

The great Coronado vem follows for 2 miles the fault dividing the granite of 
Coronado Mountain from the quartzite block on the south. Its outcrop crosses 
the ridge at the contact of the two formations at an elevation of 6,100 feet. 
Eastward from this point it is traceable for only one-half mile, but westward 
follows for H miles the trend of Horseshoe Gulch. 

This deposit was one of the first locations, as may well be inferred from 
its prominent position and copper-stained outcrops. The exploitation began at an 
early date and a large part of the present development work was done at the 
time when Wendt first described the mine in 1886. The production has proceeded 
somewhat intermittently since 1881. A large amount of ore has been extracted 
above and below the tunnel level, from the workings near Horseshoe shaft, and 
from the open cut still farther down on the western slope. In 1902 oxidized ore 
was extracted from the last two places. 
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Development, — The vein is opened b}' a tunnel which pierces the ridge at an 
elevation of 5,750 feet, about 300 feet below the summit. It follows the vein 
from east to west and is about 1,5(M) feet long. Old stopes extend to the surface. 
Below the highest point of the surface a winze with several levels is sunk from 
the tunnel level to a depth of 300 feet. Another winze, 2(X) feet deep, is located 
on the same tunnel near the western portal. At the east portal a shaft is now 
being sunk to facilitate the extraction of ore below the tunnel level. Farther 
west, about 3,500 feet from the summit of the ridge, the Horseshoe shaft is located: 
it is 200 feet deep and developed by several levels. About 1,500 feet farther 
west on the noith side of the gulch is an oj>en cut which was worked in 1902. 
A distance of 2,000 feet west from this point a small shaft has been sunk on 
outcrops, evidently belonging to the same vein. 

A branch railroad leads up Coronado Gulch from Metcalf to an incline, which 
rises 1,200 feet in a horizontal distance of 2,500 feet, up to a tramway which 
leads to the mine, three-fourths mile farther west. An aerial tramway crosses 
the ridge from the east portal and descends on the west side to a loading plat- 
form near Horseshoe shaft. The ore from the lowest open cut is packed on 
burros to this loading platform. Wendt states that up to 1883 $600,000 had 
been spent in improvements, and it is doubtful whether more than $1,000,000 in 
copper values have been extracted from the mine up to 1902. 

Country rock. — On the slopes leading up to the Coronado mine from the east 
are granite outcrops, cut by ocx»asional dikes of porphyrj\ The same normal 
coarse-grained granite is found all along the north side of the vein, both along 
the croppings and in several places in the main tunnel. The quartzite that forms 
the summit of the ridge south of the fault is a hard rock, consisting nearly 
exclusively of quartz grains, the rounded outlines of which are usualh' clearly 
visible. On the east side at the level of the portal of the main tunnel a thin 
quartzitic conglomerate is exposed at the base of the quartzite, resting oft gran- 
ite. Going south from this point several minor east-west faults dislocate this 
contact. On the west slope the beds of quartzite continue down, dipping at first 
veiy gently to the west. The dip increases gradually to 18^ near Horseshoe shaft. 

In Horseshoe Gulch erosion has exposed a part of the underlying granite, 
which outcrops for a distance of 2,000 feet. A small thickness of conglomerate 
here also underlies the quartzite. A similar granite area partly bounded by dislo- 
cations is exposed in a lateral gulch south of the fissure. On the ridge between 
the two forks of Horseshoe Gulch the Silurian limestones cover the quartzite con- 
formably, with dips of 20^ to 30°, and in West Fork, near the place where the 
vein disappears below the lava, there is also a small area of Devonian limestone. 
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The vein is followed intermittently by r diabase dike of a width ranging 
from a few feet up to 70 feet. The ro<'k is generatly altered by development 
of sericite, often so as to render it almost uni-ecognizable. The freshest speci- 
mens were obtained from the surface along the main vein, 100 feet vertically 
above Hoi-sesboe shaft, and from a small lateral vein on the south side of the 
gulch, 200 feet vertically above the same shnft. These specimens wei-e diill green, 
of medium grain, and contained small grains of pyrite. Under the microscope the 
rock is of typical structure, showing much pyroxene pressed in between lath- 
like labradorite crystals, and containing much ilmenite or magnetite. Chlorite 
results from decomposition of the pyroxene, and the feldspars are well filled 
with sericite. The occur- 
rence of irregular masses aV 
of this diabase in the vein ^i&\A 
matter would seem to indi- ~ ' " 
cate that at least a part 
of the faulting took place 
later than the intrusion of 
the dike. 

FtMsiire. — The Coro- 
nado vein is a clearly 
defined fissure, striking 
nearly due east and west 
in its western part, but 
soon turning east- north- 
east, which direction it 
maintains across the divid- 
ing ridge. The dip is 70*^ 
to 80"^ S., and it usually 
lies between well-defined 

walln. In only one place, fig- Hi.-Diag™iniD8tlcver«™ic™B section otCoronadolode. 

a short distance below Horseshoe shaft, was a dip of 85*^ N. observed. At 
the east portal of the tunnel a well-defined dike of highly altered diabase 12 
feet wide lies between quartzitic conglomei-ate and granite. From this point 
eastward the vein is not easily traced, though it is believed to continue one- 
fourth mile farther, and to cross the first ravine coming down from the north 
near its junction with the main gulch. At the summit of the ridge and at 
several places on both slopes the vein is marked by copper-stained croppinga 
10 to 50 feet wide, which appear to consist of quartzite or quartzite breccia. 







. 1 

r 



342 COPPEE DEPOSITS OF CLIFTON -MOBENCI DISTRICT, ARIZONA. 

The width of the broken zone varies very considerably. On the tunnel level 
is a crosscut extending 400 feet south and revealing 80 feet of vein matter between 
fresh granite on the north and fresh quartzite on the south. Most of this vein 
matter consists of the two rocks mentioned, more or less crushed, but there may 
also be some diabase. The foot wall is sharply defined. On the 100-foot level 
in the winze granite and a large amount of dial>ase are exposed. On the second 
level 70 feet of diabase are exposed; crosscuts in the foot wall soon run into 
granite. At the west portal the vein is 8 feet wide between well-defined walls of 
granite and quartzite. Here, again, part of the vein matter is probably altered 
diabase. For 1,500 feet west of this place, down into Horseshoe Gulch, the vein 
lies between quartzite and granite, and is indicated bj^ heavy masses of quartzite 
breccia; it then runs into granite and widens greatly. At Horseshoe shaft the 
lode is fully 200 feet wide, and consists of altered granite and contact breccia, 
often stained blue by chrysocolla. No distinct diabase is here visible, though it 
may be present in excessively altered form. One-fourth mile east of the shaft 
fairly fresh diabase, 70 feet wide, was noted, but it is soon cut off and seems rather 
to form irregular masses along the vein. From the shaft to the open cut, which is 
located near the bottom of the gulch, the vein again runs on the contact, forming 
a wide, shattered zone. For 700 feet west from the open cut the width of the 
lode is 50 feet and it is again accompanied by a dike of altered diabase. From 
the open cut westward the vein crosses the 300- to 4:00-foot ridge separating the 
two forks, and probably strictly follows the sharp fault plane between the Silurian 
limestone and granite. At the top of the ridge are croppings of hematitic material 
15 feet wide. No development work has been done along this part of it, but 
near the bottom of the west fork, at the contact of granite and Devonian lime- 
stone, it is again exposed by a small shaft and the croppings are marked by 
black-stained quartz. 

Ores. — ^The first information concerning the Coronado mine was given by 
Wendt;^ and while his geology requires correction, it is of interest to read his 
conclusions concerning the ores. He states that the Coronado mine presents an 
extreme case of rapid depreciation in depth. At the surface average samples 
gave from 6 to 45 per cent copper, and bodies of pure copper glance cropped at 
several places. In 1884 he drove a tunnel on the Boulder claim which for the 
whole of its height and a distance of over 150 feet was run on a vein of solid 
glance, 6 inches wide and averaging 46 per cent of copper. Wherever the 
glance has been followed down, he says, it disappears 150 to 200 feet from the 
surface, and the vein either becomes barren or is replaced by yellow sulphides 
scattered through the gangue; these yellow sulphides, by which is evidently 
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meant a mixture of pvrite «nd chskocite. gave by concentration teste an 8 per 

cent ore. wbioh ia 18S6 w»s valueless. Two average analyses show the grade 

of the ore then mined and it$ very siliceous character: 

Ama ifa of Ommado on*. 

[TnaB WcDdt.] 



Copiwr 11.17 21.96 

gOk* 87.00 48.90 

Iron 6.91 9.41 



As indicated above, the ona of the vein coosist partly of oxidized mineral-, 
such an cbrysoctJla. mabehhe. and. more r«rely. aznrite. partly of chalcoriti' or 
'•glance." and partly of pyrile and chalcopyrite. From the nmin tunnel tfi*- 
oxidized oren extended to the surface and have been -toped ^ to l.> foot Hide: 
this shoot occurred below the commit of the rid^. B^luw eW tmatH'l level it 
was followed by a wiaz« 3<» feet deep. Although. %f itt<lf<;w.^i '■« ftVmlt, soiiir 
of the cbalcocite occurred near the surface, it wt^ -mIj iwlow '.hu i::nni>l Icv*^! 
that thU mineral apf)ear»d in force. On the fir^ b^v<^l -yi che trioz^ i-halcocite ''n 
occurH. and ^rtopest extend from ihi'* down Ur th* ^J»>-:<m level. The tM'^t ■ 7» 
body was foum) around the winze, and it* rv-'WK pan pnih«bly ociiinnJ I- r 
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From this review it will be seen that the Coronado ores do not consist of a 
filling of open fissures, but that a sericitic alteration accompanied by quartz cemen- 
tation has taken place in the friction breccia and crushed material along this great 
fault; that the malachite and chrysocolla, the latter specially abundant, occur in this 
material as seams, usually replacing the rock and associated with quartz and kaolin 
as the last product of oxidizing action; further, that this oxidized ore is underlain 
by chalcocite ore of secondary origin, which in the main workings occupies a 
veitical distance of 2(X) or 300 feet, the upper limit at the highest point of the ridge 
being about 300 feet below the surface. Below this chalcocite it is likely that 
pj'rite and chalcopyrite of the primary ore deposition will be found to make up the 
ores of the fissures. Whether the latter will \ye payable or not I have no data for 
ascertaining. It will almost surely be of low grade. 

The statements of Wendt do not apply without modification to present condi- 
tions; for while at that time 3 to 5 per cent material would have been rejected as 
waste, it is now considered as payable ore. The Coronado mine contains good 
reserves of such ore, both above and below the tunnel level, and it is very possible 
that other bodies of chalcocite ore will be found." 

The main features of primary deposition of pyrite and chalcopyrite, secondar^^ 
sulphide deposition of chalcocite, and finally surface oxidation, producing malachite, 
chrysocolla, and limonite, are the same here as at Metcalf and Morenci. 

Age. — The Coronado lode lies along a fault fissure of great importance, with 
a probable vertical throw of 1,200 feet, and is followed by a diabase dike. The 
mineralization of this fissure took place subsequently to the intrusion of diabase, 
which probably followed the break producing the fault. The system of fault 
fissures to which the Coronado lode belongs seems to be somewhat later than the 
principal deposits at Metcalf and Morenci. The conclusion may thus be estab- 
lished with some confidence that the intrusion of diabase was later than that of the 
porphyries and that the veins dependent on diabase dikes were formed later than 
those connected with the porphyries. The examination of the unaltered part of 
the Coronado lode did not lead to definite conclusions as to its mode of formation, 
but there seems to be reason to doubt that it is due to ascending waters. 

SMALLER VEINS. 

Several similar smaller veins lie to the south of the Coronado. One of these, 
owned bj^ the Arizona Copper Company, is accompanied by a dike of fresh diabase 
and lies one-fourth mile southeast of Horseshoe shaft, partly in granite, parth' 
in quartzite, and shows on the surface chrysocolla and azurite ore with indications 

a sill }e this was written extensive exploration on the third level has developed large bodies of concentrating ore, and 
a winze Himk to the 500*foot level on the west side of the ridge is also stated to have reached ore. The surface drops off 
rapidly toward the west. 
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of chalcocite below. Another also with chrysocolla ore lies one-fourth mile 
southeast of the open cut on the Coronado, on a small fault fissure between granite 
on the south and quartzite on the north, and is known as the Keating vein. 

The Dewey and Copper Plate claims lie 1 mile south of the Coronado vein, 
near the foothills of the Elagle Creek plateau. The vein cuts, with a northeast 
strike and a dip of 80° SE., first granite, then quartzite conglomerate and 
quartzite; the ore consists of a dike of Metcalf porphyry, 3 feet wide, with 
disseminated malachite. It continues up in a northeasterly direc^tion to the next 
fault fissure, which brings the quartzite to the level of the Silurian limestone; 
here the dike is apparently cut off. 

The Las Trajas property, also 1 mile south of the Coronado vein and on 
the main ridge, is developed by a shaft 100 feet deep and by several surface 
cuts. The vein cuts through quartzite and seems to be located on a subordinate 
fault fissure. East of the shaft it is accompanied by a porphyry dike up to 
200 feet wide, which, however, does not seem to follow the fivssure. The ores 
consist of chrysocolla and malachite and have been stoped along surface cuts to 
a width of 3 feet. 

One-half mile northeast of Las Trajas, near the edge of the bluff breaking 
off toward Chase Creek, are several prospects, said to contain promising ore, 
which belong to the recently organized Coronado Mining Company. Thej' are 
contained in the limestone which here covers the quartzite in a small fault block, 
as shown on PI. I, separated from the main quartzite by a northwest fault, along 
which it has dropped some 200 feet. 

On the trail leading from the bottom of the incline up to Coronado mine the 
Emerald claim is located, having an elevation of 5,2(K) feet. A porphyry dike 
80 feet wide here crosses the narrow ca,nyon cut in the prevailing granitic rock. 
The ore appears to form along the contact of porphyry and granite. Following 
the same contact also appears a dark, dense pyritic rock of doubtful origin. 
The ore consists of chalcocite and carbonate. 

Exposures, probably belonging to the same vein, have been found close to 
the Coronado incline on the Pyramid claim, at an elevation of 5,200 feet. This 
deposit, which is developed by two small tunnels, contains a considerable amount 
of chalcocite ore, much of which has been shipped. The claim is the property of 
the Arizona Copper Company. A porphyry dike, which is probably identical with 
the one shown at the Emerald claim, was also noted at the Pyramid tunnels, 
near which place it appeared to join the main mass of Metcalf porphyry. The 
vein strikes N. 72° E. and dips 65° S. 

Ascending Santa Rosa Canyon, which is mainly cut in normal granite of 
Coronado Mountain, several veins of smaller importance are encountered. The 
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first one appears in the upper part of the Jx>x c»nyon occup^'ing the lower part 
of Santa KoHa Gulch, and is called ''Dad Wright.'' It is a strong fissure vein, 
striking east and west and dipping 80'^ N., and occurs at an elevation of 5,150 
feet. Its position indi(*ates that it may Ix? an extension of the important system 
of the Coronado fissures. The developments are of slight importance, and the 
ore thus far encountered is of poor (|uality. Above this Ik)x canyon the gulch 
becomes more open, the grade, however, still remaining very steep. No porphyry 
dikes were noted, except a small one in a side canyon a quarter of a mile l>elow 
the claims of the Santa Rosa Company. This recently organized company con- 
trols 15 claims in this vicinit}-, all of them contained in granite. The principal 
claims are the (Jrant and the Flor del Miza The strike of the veins is chiefly 
northeast, and the dip iyO^ to the .southeast. Three small tunnels have been 
driven on the Miza claim and some 50 tons of ore shipped. The vein forms a 
quartz-filled streak in granite, accom])anied by irregular masses of a fine-grained 
rock, looking very much like shale — possibh' an inclusion of older pre-(^mbrian 
sexliments into intrusive granite. The ores along this fissure chiefly consist of 
chalcocit<% and occur both in the granite along the vein and in the quartz acconj- 
panying the dc^posit. Another set of fissures have a north-northwest direction, 
and these also contain some copper ores. At the surface and also in the veins 
is a little mala(;hite and other oxidized ores, but unaltered pyrite is evidently 
not far from the surface. On the east side of Santa llosa (xulch appears another 
narrow but well-defined vein with a northeasterly strike, which is exposed in 
several places. The country rock is granite of a very hard character. The ores 
found along the narrow fissure ('onsLst of pyrite with a little chalcoc»ite. One of 
the higher tunnels shows a (considerable amount of glance ore scattered through 
the granite adjoining the vein. The croppings on top of the ridge show a fair 
amount of oxidized ore, mainly azurite, some of which has been packed down to 
Metcalf and- shipped. Many smaller seams belonging to the north-northwest 
svstem cross this fissure. 



CHAPTER XI. 

GARFIELD AND KING GULCHES. 

GAUFIKIil) GUIiCII. 
ROCKS. 

Garfield Gulch is a short tributary joining Chase Creek H miles above 
Met^^alf. A great numl)er of prospects and small mines are located here; their 
description is best prefaced by a brief summary of the leather complicated geo- 
logical features shown in a somewhat genemlized way in PI. I. 

The rocks are very similar to those of the districts already described. The 
basal granite shows on Chase Creek up to a point one-half mile alx)ve Garfield 
Gulch, and in the imposing cliflfs leading up toward the summit of Coronado 
Mountain. It is also exposed in the lower parts of Garfield and Trinidad 
gulches, and in King Gulch up to a point due east of the mouth of Garfield 
Gulch. In appearance it is the same coarse, reddish orthoclase-quartz rock fre- 
quently described from other districts, comparatively hard in the bottom of the 
gulches, but soft and disintegrating on the upper slopes. The extensive breccia- 
tion and cementation by quartz so common near Metcalf is rarely observed. 

The Coronado quartzite covers a small area on both sides of Chase Creek 
above Garfield Gulch; also the ridge between the latter and Trinidad Gulch, and 
the whole summit between Chase Creek and King Gulch from near Shannon 
mine to near the gap at the head of Gai*field Gulch. It is a reddish, hard 
quartzitic sandstone, usually resting directly on granite; at only one place in Chase 
Creek, 2,500 feet abov^e the mouth of Garfield Gulch, is quartzitic conglomerate 
exposed 20 feet thick. The rock is roughly bedded in heavy benches, the maximum 
thickness being about 200 feet. The quartzite is covered by the usual Ordovician 
limestones (Longfellow formation), which may be seen at several places, at the 
Mammoth mine, and on both sides of Chase Creek above Garfield Gulch. On 
the top of these limestones rest 100 feet of Morenci shales (Devonian), exposed 
on Stevens Hill west of Chase Creek and as a narrow faulted block on the ridge 
between Garfield and Trinidad gulches. About 100 feet of light-gray Mississip- 
pian limestone (Modoc formation) overlie the shales at the two places just men- 
tioned, and it is also exposed from the Mammoth mine along the road up to the 
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head of the main gulch; it usually contains fossils, crinoid stems being partic- 
ularly abundant. The series is best exposed at Stevens Hill on the west side 
of Chase Creek, one-half mile al)ove Garfield Gulch; the section obtained there 
is as follows: 

(ieitUtgical nertion at Sttrm^ Hill. 



Member. 



Formation. 



Thick- 
ness. 



(iray limefitone Mcxloc 

Dark -gray clay phale Morenci . . . 

Porphyry pill <lo 

Dark-gray denge liineetone do 

Heavy l>rown limestone Longfellow 

< jray sandy limestone do 

Lime shale . .' do 

Quartzite Coronado . . 



Feet. 

150 

90 

40 

HO 

140 

100 



While the thickness of the Modoc* and Morenci formations corresponds closely 
with the sections from Morenci, there is a great difference in the case of the 
Longfellow formation, which is only 140 feet thick here, against nearly 400 feet 
at Morenci. This vicinity is very much disturbed, and the discrepancy might be 
attributed to imperfectly recognized faults, were it not for the fact that the same 
formation at Metcalf shows a similar deficiency. 

The intrusive rocks are represented by several dikes, sills, and intruded masses 
of porph^^ry breaking through the granite, especially in the sedimentary series. 
The quartz porphyiy of Metcalf extends one arm in this direction, forming an 
irregular mass with many apophyses on the west side of Chase Creek and crossing 
it as a more sharplj' defined dike in quartzite 2,000 feet above Garfield Gulch; 
but the numerous dikes and sills of Stevens Hill and the upper part of Garfield 
Gulch consist of diorite-porphyry. This is a normally light-gray rock with closely 
crowded phenocrysts of andesine and probably some orthoclase, but no quartz. 
Foils of biotite or prisms of dark-green hornblende are usually present. The 
groundmass is microt^rystalline and consists of ([uartz and granular, not striated 
feldspar. It is very similar to some of the Morenci porphyries, but on the whole 
contains less (luartz. Epidote, chlorite, and sericite are the secondary minerals. 
A dike of this rock cuts across the limestone at the Mammoth mine and other 
places. Horizontal sheets or sills, rarely over 50 feet thick, occur on Stevens 
Hill in the Morenci shales and near the head of Garfield Gulch in the Missis- 
sippian limestone. This porphyry has exerted only a slight contact metamorphism 
on the adjoining limestones; and the action does not compare at all in intensity 
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with the results observed at Morenci and Metealf. A little epidote and magnetite 
with copper stain occur frequently close to the contact, but this altei*ation rarely 
extends more than a couple of feet from the contact, and in places no metasomatic 
alteration is visible. 

Narrow dikes of diabase occur in the granite at the Brunswick mine and at 
the Trinidad prospects. The rock is of a dull dark-green color and is usually 
so altered that the individual rock-forming minerals are no longer recognizable 
by the naked eye. 

At 300 feet above Garfield Gulch heavy masses of Tertiary, lavas begin, and 
form for a long distance the eastern wall of the canyon. These lavas extend 
due easterly from this point across the head of Garfield and King gulches, and 
in fact cover the whole country for many miles in a northeasterly direction. 
The lower part of the prominent blutfs consists of black or brown vesicular 
basalt from 200 to 400 feet thick; above this lies a light-gray or yellowish -gray 
rhyolite breccia up to 1,000 feet in thickness, forming ver}^ conspicuous and 
steep bluffs. The Tertiary lavas rest as thick sheets on an irregularly eroded 
surface. No ore deposits have been found in them. 

STRUCTURE. 

Great complication by normal faulting is characteristic of this vicinity. The 
faulting is chiefly confined to the pre-Tertiary rocks and has not appreciably 
affected the basalts and rhyolite tuffs. The main feature is the great fault on 
the east side of the Coronado massif, which has thrown the quartzite and the 
overlying limestones down to the level of Chase Creek. In the description 
of the Coronado district it has been emphasized that the mountain of this 
name forms a central mass surrounded by peripheral faults. The steep, in places 
almost peipendicular, granite bluffs, which continue for a couple of miles above 
Garfield Gulch on the west side of Chase Creek, are the visible expression 
of this dislocation, which doubtless was still more prominent topographically 
before the Tertiary lavas flooded the country. The contact of the limestone of 
Stevens Hill with the granite is sharply defined, though rarely well exposed, and 
indicates beyond doubt a fault with a northerly trend, and an easterly dip of 
about 42^. Sheeting is very pronounced in the granite bluffs west of Chase 
Creek and north of Stevens Hill, the joints dipping east about 70^. The vertical 
distance, indicating the vertical displacement between the contact of quartzite and 
granite on Coronado Mountain and the same contact in Chase Creek, is 2,000 
feet. It is possible, of course, that there ma}' have been intermediate step faults, 
not clearly traceable now, in the intervening granite, but at any rate the contact 
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of granite and limestone on the we^t side of Stevens Hill indii^ates a very impor- 
tant dislocation. On the south side of Stevens Hill two minor faults with the 
same direction compass a narrow block of quartzite between limestone and granite. 
The block of Stevens Hill dips lU^ to 16 W. and continues unbroken, as 
indicated by the quartzite-granite contact, to the north fork of Garfield Gulch, 
but here the relations become very complex. One-half mile southeast, on the 
ridge l)etween King (lulch and Chase Creek, lies another block of quartzite at 
an elevation of 5,7oo feet, or 600 feet higher than the first; it also dips gently 
westward. Between the two blocks lies a triangular area dislocated by several 
northeast and east-northeast faults, as shown on PI. I. 

MINERAL DEPOSITS. 
GENERAL STATEMENT. 

As stated above, a great numl>er of prosjxicts and a few producing mines 
are located in this vicinity. They are in part fissure veins and in part irregu- 
lar bodies on or near the contacts of intrusive masses. Few, if any of them, 
appear to have any connection with the numerous fault planes, which here have 
dissected the crust into blocks. The ores consist chiefly of oxidized copper min- 
erals, mostly chrysocolla, but also malachite and more rarely chalcocite; few of 
the workings have penetrated to the primary constituents, which here, as else- 
where, probabi}' consist of pyrite and chalcopyrite. A little galena containing 
much silver has been found on Stevens Hill. 

One class consists of irregular deposits in limestone at or very near to por- 
phyry contacts; most of these carry chrysocolla ore as irregular pockets sur- 
rounded by limonite. Such are many of the deposits on Stevens Hill, those 
along the porphyry sills at the head of Garfield Gulch, and those at the lolanthe 
mine, H miles east of the mouth of Gai^field Gulch. Some of these, like the last- 
named deposit, are doubtless due to contact metamorphism, but, in view of the 
weakness of contact acrtion of the Garfield porphyry, it is perhaps more plausible 
that in most cases the mineralization occurred somewhat later, after the consoli- 
dation of the intrusive rock. But in explaining the origin of these deposits their 
most evident direct connection with the porphyry must be kept in mind. 

A second class, represented b}^ the Mammoth, also contains chrysocolla ore 
and forms fissure veins between limestone and porphyry. 

A third class forms fissures in granite, like the Antietam on King Gulch, or 
in granite and following a diabase dike, as in the case of the Brunswick vein. 
There is no evidence as to the age of this last class of veins compared to the 
others, porphyry and diabase not occurring in close juxtaposition. 
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DETAILED DESCRIPTIONS. 

Stevens group. — This group of 15 claims is situated a short distance west 
of Chase Creek, about one -quarter mile northwest of the mouth of (Tarfield 
Gulch. They are located in the small area of limestone with dikes and sheets of 
porphyry described above as projecting at the foot of the great granite slope 
which forms the eastern declivity of Coronado Mountain. The limestone is evi- 
dently separated from the granite by a fault of great magnitude, the fault plane 
being inclined about 45^ eastward. Oxidized ores have been found at a number 
of places within this limestone area, and a fair amount of development work has 
been done. In 1902 the claims were being more actively prospected by a new 
company. The geological structure, which is somewhat complicated, may be briefly 
described as follows: 

Ascending the small gulch emptying into Chase Creek from the west, a few 
hundred feet above Garfield Gulch, granite continues up to a distance of 1,500 
feet from the mouth. Here a dike of porphyry 200 feet thick crosses the gulch. 
Beyond that follows a granite area 200 feet wide, then a strip of quartzite, evi- 
dently separated by a fault from the granite. This quartzite is also 200 feet 
wide. Beyond the quartzite lies a narrow porphj^ry dike, and then the main 
mass of the limestone area begins. The prevailing dip of the limestone, which 
includes the middle part of the series from the Silurian up to the base of the 
Mississippian, is 16^ W. The first prospects are noted on the south side of the 
gulch, at an elevation of 5,000 feet, and occur in limestone containing a few dikes 
of diorite-porphyr3\ The croppings are extensive, are stained by copper, and 
consist of limonite and ferruginous silica. They form irregular masses in lime- 
stone, the ore containing much chrysocolla. Several tunnels have been driven, 
developing smaller masses of ore which seem to have a general tendency to 
follow the planes of stratification dipping westward. On the opposite northern 
side of the little gulch the narrow dike of porphyry widens, and there is here 
some direct evidence of contact-metamorphic action. Along its contacts much 
magnetite appears, frequently stained by copper. Going up the same gulch 
toward the big fault separating the limestone from the granite of Coronado 
Mountain, a sheet of porphyry 40 feet thi<*k and several hundred feet long is 
first encountered. This, however, does not seem to be accompanied by ore. 
Near the western contact of the limestone, but some little distance from the 
granite, smaller chimneys of rich chrysocolla ore have been extracted. The ore 
occurred in limestone and was surrounded by soft limonite. Fragments of 
dioptase were found at this locality, the only place in the Clifton district whei*e 
this mineral has been encountered. Another interesting feature of this prospect 
is that some galena occurred in it, with a considerable amount of silver. 
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Prrjspe^-t* contioue from thn place, which U situmted nemr the bottom o>f 
the fruh:h. up to the small gap aU>ut 3oi» feet higher, separating the linMstoiie 
from the granite At Vnp feet below thi.^ gap on the north i»ide a mam tunnel 
ha.^ Iieen driven in the upper part of the Devonian shale. Thi;^ tunnel :«tmck 
an ore brxiv of chry^jcolla averaging ^) per cent copper and containing about 
^Xi ton**. The ore .nhoot. which was 12 feet wide, occurred between limei^one 
on the "touth Me and soft limonite on the north. The horizon was evidently 
the lowest part of the Mi^^isnippian. 

(roing down from the gap to Cha.<4e Creek, a porphyry sill ¥) feet thick was 
founrl again in the lower part of the Devonian serie:^ in limesftone. A little 
epidote fHtrurn all along on the contact, but the metamorphLsm is not intense. 

A small ma^ of limestone of uncertain horizon U also found on the west 
side of Chase (Jreek. nearly opposite the large area described above. This rnass^ 
which is evidently faulted down to its present position, and which is covered by 
basalt at ii)o feet aFK>ve the creek, also contains irregular masses of chrysocolla 
associated with limonite. Two small tunnels have been driven, the upper one 
containing most of the ore. A little ore is said to have been shipped from 
this prrwfiect. 

Two tunnels have been driven by the Stevens company on the west side 
of Chase Creek in the c|uartzite and granite underlying the limestone. The 
upper one is 8<> feet ahxn'e the creek level, at a distance of 1,54X> feet above the 
mouth of (lartield Gulch. It starts in sandv limestone immediatelv above the 
quartzite. dipping lo- W. Stringers of partly oxidized pyrite follow the strati- 
fication. In plai'cs this pyrite is associated with a little copper glance. A still 
lower tunnel near the creek level crosscuts 2<H) feet of porphyry dike, and 
extends into the (lasal granite underlying the quartzite. The total length of 
the tunnel is 5^)0 feet. The granite contains a little scattered pyrite. This 
tunnel has ^>een driven with the expectation that it would eventually intersect 
larger ore Ixxlies occurring in the western part of the limestone. 

(rarfehl, — This pro[)erty, belonging to the Shannon Copper Company, is 
lointed aFx^ut 2«)0 vards north-northwest of Mr. Stevens's house, at the month of 
(rarfield (iulch. A considerable amount of ore has been extracted from this 
claim, but at the present time it is idle. The vein strikes east and west and 
occurs along the contact of a narrow diabase dike cutting the prevailing country 
roi'k of normal granite. 

^/</>if^'/7. — This is located on an irregular deposit in limestone on the ridge 
between the north fork of Garfield Gulch and Chase Creek, just above the quart- 
zite and just below the l)asalt. The elevation is 5,3<X) feet. It contains oxidized 
copper ores associated with specularite and magnetite. Some rich ore is said to 
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have been extracted, and it is reported that it contained much silver, a rather 
unusual feature. 

BrimBwkh, — This claim, which is the property of the Arizona Copper Com- 
pan}', is situated in Garfield Gulch one-fourth mile above the mouth. The prop- 
erty has been worked for six or seven years in a small wa3% and a considerable 
amount of fii*st-class ore, containing 30 per cent of copper, or more, has been 
shipped, the production amounting to about 30 tons per month. During the last 
three 3^ears concentrating ore has also been shipped. A wagon road connects the 
mine with Metcalf. 

The mine is developed by two tunnels a few hundred feet long, the lower 
being located only a short distance above the bottom of the gulch. A winze 60 
feet deep has been sunk in the lower tunnel down to the water level. 

The deposit is a fissure vein occurring on the contact between the normal 
granite and a narrow dike of diabase. The vein strikes a few degrees east of 
north and stands nearly vertical. Its width varies from 1 to 12 feet, and it seems 
to consist largely of crushed and altered granite. The diabase dike mrely contains 
much ore. Near the end of the lower tunnel the vein appears to fork, some 
diabase occurring along each branch. 

Above the lower tunnel level the ore consists, approximately, of 25 per cent 
chalcocite and 75 per cent oxidized material, largely malachite. In two places 
chalcocite and pyrite occurred intermixed. The winze is reported to have exposed 
some good chalcocite ore. 

Trinidad, — This prospect, which is the property of the Arizona Copper 
Company, is located one-fourth mile southeast of the Brunswick mine in the small 
gulch next south of Garfield Canyon, and at an elevation of about 5,200 feet. 
A trail connects it with the Brunswick mine. A long tunnel has here been 
driven in a south-southeast direction along a vein which followed a narrow dike 
of diabase in the prevailing granitic country rock. A little malachite was noted, 
partly in granite, partly in diabase. No large ore bodies appear to have been 
found. 

Virginia, — Several prospects are located on the quartzite ridge overlooking 
Placer Gulch, 3,000 feet south-southeast of the Mammoth mine. The develop- 
ments are of slight extent and show a certain amount of mineralization, which 
appears to follow several dikes of dark-green diabase, probably identical with the 
Brunswick rock. 

Mammoth, — The Mammoth deposit is located in Garfield Gulch, one-half mile 
east from the mouth of the canyon. It is owned by the Arizona Copper Company 
and has been worked at intervals during the last ten or fifteen years. The pro- 
duction is said to amount to approximately 30,000 tons of ore containing up to 
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The developments in 1902 consisted only of a small shaft near the bottom of the 
gulch and about 50 feet deep. The deposit, which is contained in granite, consists 
of a fissure vein striking north and south, nearly vertical, and said to be traceable 
for at leant one-half mile north and south of the point of discovery. The width 
of the mineralized zone is up to 40 feet, and it is claimed that the pay streak, 
10 feet wide, was found on the surface; the ore is reported to contain 4 per cent 
of copper as well as $8 of gold and 5 ounces of silver per ton, and to consist 
chiefly of chalcopyrite and pyrite in an altered granite. The only oxidized ore 
noted consisted of small pockets of native copper and cuprite. This vein is said 
to continue northward into the Boulder claim, owned by the Arizona Copper 
Company, and southward into the Buckeye and the Jumbo, the latter the property 
of the Shannon Copper Company. 

On the ridge between Placer Gulch and King Gulch a number of claims 
have been located. Near the Antietam are the Leo C. and Defiance, both on 
fissures parallel to thie Antietam and 600 feet eastward of that vein. Leo C. 
occurs in granite; Defiance in a porphyry dike. On the same ridge a small area 
of quartzite rests on the granite, and on top of this quartzite a small area of 
limestone occurs. Near the contact of limestone and quartzite a number of small 
prospects occur in the limestone, and several chimneys of oxidized ore have evi- 
dently been extracted. The true character of the deposits is in doubt. 

Near the head of Placer Gulch appears a large area of diorite-porphyry, 
similar to that occurring near the Mammoth mine. This porphyry is apparently 
separated from the granite of King Mountain by a dislocation; it contains a 
great number of included fragments of limestone shale and quartzite. The Last 
Chance claims are located around a body of quartzite inclosed in the porphyry 
near where the trail crosses the ridge to King Gulch. Still higher up, near the 
head and principally following the southeastern granite contact, are a number of 
prospects, some of which are dearly sunk on small bodies of contact-metamorphic 
origin and due to the mineralization of included masses of limestone. One of these, 
called the Prosperity, occurs between quartzite and porphyry; some copper car- 
bonate, containing a notable amount of gold, has been extracted from it. The 
Raber claim lies a little farther northeast along the same contact. Many of 
these prospects contain magnetite, and all show stains of copper, but no impor- 
tant development work has been done. 



f IfAPTKR Xff. 
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tc>i»ik;uafiiy. 

Umier thij* hfa<rlin^ It i.«* profKi?*^! to dej^-riJje the i^ranitic "nutoKif ming 
on ihfr west !iid«' of Sin Kranrlnco Kiver and comparable in !$truetural position to 
th#? granitic block of the (>>ronado Mountain, The Copper King Ridge begins 4 
mileM north-northwent of (iVifUm. m^r Markeen Mountain, where, with an elevation 
of ^f.tii'n) feet, it overlrxik.** Cha.se Creek anil the .sunken lime«»tone blocks of 
Morenci. and continues for 4 mile?* northeant as a series of imposing buttressie^ 
towering high a^x>ve San Fram-iM-o River. 

The deep s^-ar of Rocky (rtilch ^parate<* Markeen from Copper King Mountain; 
excf»edingly rough and pre<'ipitou^ amphitheaters lead down from the summits of 
the latter Uf the gentler slopes of Colorado and I>or«ey gulche?*, which also empty 
inti> Han Francisr'o River. The last buttress, limited bv Svcamore Gulch on the 
south and Silver Creek on the north, has an elevation of 6j]^n^ feet, and rise;* 
.Kildly with dark-red cliffs 2JNK» feet a>K>ve the basalts here filling the bottom of 
San Krancisi'O Canyon. This point is 4^ miles northeast of Markeen Mountain. 

Northwest of (*oppr*r King Ridge lies a slight depression indicated by the 
upper courses of Placer and Sycamore gulches, and occupied by sunken limestone 
blrx:ks. f>nly a short distance northwest of this limestone rise the jagged volcanic 
ridges of Malapais Mountain, elevation f>,lKN> feet, forming the southern outlier 
of the enormous mass of lavas covering the northern part of Clifton quadrangle. 
A wagon road exti*nds along San Francisco River, and a well-constructed grade 
learis up from this U) Ihinham Camp on Hickor}' Gulch. With these exceptions 
trails form the onlv lines of communication. 

ROCK8. 

Granite is the prevailing rcx:k. and is of the same coarse granular tvpe 
desi;rilx^d elsewhere, consisting chiefly of quartz, orthoclase, and pc^rthite, with a 
small amount of usually decomposed biotite. Its dark-red angular outcrops are 
cut by irregular joint planes, which aid erosion in producing the conspicuous 
cliffs Hff clmrairteristic of the slofx^ toward San Francisco River. 
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The Coronado quartzite is present onh' on the summit of the ridge at its 
northeasterl}^ end. north of Sycamore Creek, where in several detached areas it 
covers the granite from 100 to 200 feet deep. Smaller areas also occur included 
in the porphyry 1 mile north of Copper King Mountain. 

The Ijongfellow limestones are present with their usual characteristics in the 
narrow fringe of sediments between the gmnite and the lavas of Malapais 
Mountain. In places the}' are covered by small areas of the Morenci shales. 
The same series, covered by the Modoc limestone near Ha<'-kberry Spring, is 
also present along San Francisco Kiver from Evans Point to near Clifton. 

The main body of the Metcalf stock of porphyry reaches up on the flanks 
of Markeen Mountain, and from this point, as well as from the vicinity of 
Shannon mine, a s^'stem of northeasterh- trending porphyry dikes, rarely over 
100 feet wnde and usually nmch less, penetrates the granite up toward the end 
of the area here described. The poq^hyry is light-colored, with closely massed, 
small feldspar crystals and a few bipyramidal quartz phenocrysts, together w^ith 
scant biotite foils embedded in -a groundmass of quartz and feldspar. Sills, 
dikes, and other intrusive bodies of similar character are also contained in the 
limestones and shales which fringe the lava masses of Malapais Mountain east- 
ward from Garfield Gulch. The largest body of this kind, which is a quartz- 
monzonite-porphyry, occupies a semicircular area north of Copper King Moun- 
tiiin, at the hetid of Placer Gulch, and contains as included masses fragments of 
quartzite, limestone, and shale. The contact-metamorphic action of this porphyry 
is, as a rule, slight. Only close by the contacts of the smaller masses included 
in the porphyry is a slight development of magnetite, epidote, and occasionally 
copper stains noted. 

Northeast of Malapais Mountain a large stock of diorite-porphyry is intruded, 
partly in granite, partly in Silurian limestones. Diabase is noted as a dike along 
the so-called ''black lode," crossing from east to west on the southern slopes of 
Copper King Mountain. Remarkably fresh diabase also occurs as a sill in gran- 
ite near the mouth of Sycamore Gulch. 

Tertiary lavas rest on the deeply eroded surface of the older rocks and cover 
most of the country east of San Francisco River and the high hills about Mala- 
pais. The lower part of this complex consists of dark-colored, tine-grained, and 
vesicular basalts, and augite andesites, which again are covered by light-colored 
rhyolites of a lithoidal or glassy type, generally tuffaceous or brecciated. A 
fringe of these rocks lies on top of the basalt on the west side of San Francisco 
River, on the gentler slopes near the bottom of the canyon, and again forms the 
summit and ridges projecting westward on Malapais Mountain. Dikes of light- 
colored, white or pink lithoidal rhyolite cut the granite on Colorado and Dorsey 
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gulches, general!}' with a noitheasterly trend. Similar dikes occur in the por- 
phyry and limestone north of Copper King Mountain and also penetrate the basalt 
of Malapais. 

On the west side of San Francisco River, covering the lower slopes at the 
foot of the granite bluffs, lie masses of granitic and volcanic debris, in places 
1,000 feet thick. These correspond to the conglomerates of the Gila formation 
and are consequently to be referred to the early Pleistocene, when the Gila Valley 
was filled b}' detritus to a general marginal level of 4,500 feet. 

STRUCTirRE. 

The, dominant structure lines of Copper King Ridge trend northeasterly. 
The oldest determining factoids are the porphyry dikes, which with few exceptions 
take this course. Again, the earliest dislocations after the porphyry intrusions 
followed these lines, and very often coincide with the walls of the dikes. The 
principal period of faulting resulted in important northeasterly displacements, 
sinking blocks on l>oth sides of Copper King Ridge and leaving the latter similar 
to Coronado Mountain as a centml block or buttress. On the northwest side a 
practicall}' continuous line of straight or curved faults determined a downthrow 
which, north of Copper King Mountain, probably amounted to 1,000 feet, but 
which at the northeasterly end of the granite ridge had diminished to a few 
hundred feet. 

On the southeast side of this buttress, following the base of the gi'anite bluff, 
occuiv the most prominent fault of "the "Clifton quadrangle. Its actual plane, 
whether single or. a series of closely massed step faults, is concealed at first by 
the Gila conglomerate, and farther north by the rhyolite flows near the bottom 
of the canyon. No quartzite remains on Copper King Mountain, but assuming 
that its now eroded beds had rested at an elevation of 7,000 feet, or at the same 
level as on Coronado Mountain, and recognizing that the Longfellow limestone is 
exposed in the bottom of th(» canyon, 3,300 feet lower, we must conclude that 
there is here a displacement of about 3,700 feet at least, -and that the steep 
declivities of the granite ridge toward the river indid'ate the influence of a fault 
plane* on the topographic features. Toward the northern end of the granite 
ridge the foot of the escarpment is deeply covered by rhyolite, but on the upper 
slopes we find, jus recorded on the map, evidence of step faults with repeated 
downthrows on the* side toward the river. The maxinmm amount of faulting 
probably took place southeast of Copper King Mountain. These structural rela- 
tions will be more, fully described in the text of the Clifton folio. 

The Tertiary eruptions were ushered in by stresses, acting in different direc- 
tions. None of the rhvolite dikes trend northc^ast, but all of them have a more 

ft 

or less pronounced northwesterly direction. 



COPPER KING RIDGE. 859 

MIKKUAI^ DKPC)SIT8. 

GENERAL STATEMENT. 

As in other parts of the district, the mineral deposits consist partly of 
contact-meUiiuorphic masses, parti}- of fissure veins. The former are sli^litly 
developed along contacts in the porphyry stock lying at the head of Placer Gulch, 
and thus far of no great importance. In the limestones and granites on the east 
side of the river no indications of metalliferous deposits were observed. 

The most important division here consists of nearly vertical fissure veins, 
which as a rule follow the trend of the porphyry dikes, extending into the gran- 
ite with a northeasterly direction from the great poi'ph3'ry stock in Chase Creek 
Canyon. None of the deposits has a great production to its credit, though some 
of them contain good ore bodies. This is largely due to the isolated position of 
the prospects, usually loi'ated high up in the rough country, where water is scarce 
and supplies must be packed to the mine. In these veins the well-defined fissures 
have caused a considerable amount of crushing, both of granite and porph^'ry. 
The ores near the surface consist of malachite and other oxidized minerals, which 
at a depth of from a few feet to 200 feet are replaced by secondary chalcocite, 
coating and replacing pyrite. In depth the primary ores will doubtless be found 
to consist of pyrite and chalcopyrite. The ores are accompanied b}' a scant quaitz 
gangue and genemlly occur as replacements of granite or porphyry. The ore 
lx>dies occur in shoots of variable form and rarely attain 20 feet in thickness. 
A remarkable change occurs in the contents toward the northeasterly end of the 
district. About Markeen Mountain copper is almost the only valuable metal 
present, but on Copper King Mountain the ores (contain some gold in addition, 
and in Dorsey and Colorado gulches gold values predominate, often with silver, 
and the copper ores are subordinate. At the surface the gold is to some extent 
free, but will doubtless be contained in the sulphides as depth is attained. 

The so-called ''Black lode'" crosses from east to west north of Markeen 
Mountain and south of Copper King. It follows a diabase dike, though near the 
west end ]X)rphyries are also found along it, and the replacement ores consist of 
magnetite, pyrite. and chalcopyrite, a ver\' unusual combination for a fissure vein. 
This deposit is prol>ably later than the fissures following the porphyry dikes. 

The gravel benches along San Francisco River below these deposits contain 
some placer gold. Some ten. years ago attempts were made near Oroville to drift 
them or to work them bv the hvdraulic method. The results are said to have 
been unsatisfactorv. 
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DETAILED DESCRIPTIONS. 

Marleen Cojyper CoinjHtny, — The Markeen camp is situated in Rocky Gulch 
Jit an elevation of 5,350 feet. The tmil from Morenci to Copper King Mountain 
pas-ses b}- it. At this place on the west side of Rocky (iulch is a mass of por- 
phyry 200 or 300 feet wide, which is continuous for a short distance westward. 
It also crosses the can\'on and continues, narrowing,- northeasterly, parallel to the 
Copper King vein. A shaft has been sunk in the porphyry mass, not far from 
the bottom of the gulch, to a depth of 200 feet, disclosing porph3^ry impregnated 
with pyrite and some chalcocit<\ Crosscuts 50 and 3(» feet long are said to extend 
east and west from the l>ottom of this shaft. No ore is known to have been shipped. 

Black UnJe,- A quarter of a mile above the Markeen camp two important veins 
cross the gulch. The first is the Copper King vein; the second the so called Black 
lode, which is ti'aceable in a straight line with an almost due east and west direc- 
tion, and is opened by prospects right along. It seems to have a steep southerly 
dip. A little porphyry accompanies this vein, but does not seem to follow it 
continuously. Three different kinds of this rock were noted at the gap north 
of Markeen Mountain, where this vein crosses— (</) a dark fine-grained |X)rphyry 
with small feldspar crystals; (/>) a normal diorite-porphyry similar to the rock 
from Morenci; and (c) typical Metcalf porphyry with large quartz crystals. At 
the little gap one-half mile south-southwest of Copper King mine the lode is 
accompanied b}- a dike of normal diabase, like that from the Corouado and 
Brunswick, up to 40 feet in width. Along the lode magnetite, pyrite, chalco- 
pyrite, and epidote have been formed by replacement in porph3'ry and diabase 
as well as in gmnite. Although good prospects have been found at many places, 
no ore bodies have thus far been developed. A little native copper is occasionally 
found along this vein, evidently a product of secondary decomposition. A shaft 
sunk 1,500 feet above the Markeen camp, near the intersection of this vein with 
the Copper King vein, encountered the vein at a depth of 110 feet. The Clifton 
Consolidated Company owns the Eclipse claim on this vein. 

Copper King vein. — This impoiiBnt vein crosses Rocky Gulch 1,500 feet above 
Markeen camp where it intersects the black lode, and continues for at least 2 miles 
in a northeasterly direction, possibly extending as far as Dorsey Gulch. It has 
not been traced far southwest of Rocky Gulch. The Clifton Consolidated Com- 
pany owns the claims of Olivette, Missing Link, and. Alice Winifred on this vein. 
Between these holdings, on the same vein, lie the two claims of the New England 
Copper Company. At intervals this prominent fissure is accompanied by a dike 
of granite-porphyr\-, but this rock is not continuous along the surface. On the 
Olivette claim in Rocky Gulch the vein is opened by a tunnel 700 feet long. 
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The mouth of this tunnel is in poi-phyry, the remaining distance chiefly in granite 
containing small bunches of porphyry. It shows a distinct fissure, dipping 70° 
NW., with slickensides, white sericitic material, and extensive impregnation with 
p\'rite. Quartz, p\"rite, and some chalcopyrite appear along the vein in some 
places; in the gouge accompanying the fissure some rich chalcocite occurs. Ver\' 
little carbonate has been found and no ore bodies of great value have thus 
far been developed. A great amount of crushing and brecciating is ver}" evident 
along the dike. 

The New Kngland Mining Company owns two claims on the Copper King 
vein — the Solid Copper and the Copper Bullion; this property is generally known 
as the Copper King mine. Besides, the company owns two claims on the black 
dike — the Monte Carlo and the Copper Verde. A great deal of work has been done 
on the first two claims and an extensive body of ore exposed, but owing to the 
isolated location of the mine comparatively little ore has thus far been extracted. 
A small smelting plant was erected some years ago on San Francisco River near 
Oroville, but owing to difficulties of ore transportation was only operated for a 
short time. The developments altogether amount to 3,500 feet, and consist of 
two shafts and a tunnel 300 feet below the collar of the west shaft. The latter 
is called the Solid shaft, and is 238 feet deep; sinking being now in progress. 
The North shaft is situated 150 feet above the Solid shaft and is 335 feet deep. 
Three levels with drifts and crosscuts have been turned; the vein strikes north- 
east and dips 7H^ NW. The croppings are plainly indicated by heavy masses of 
stained and leached quartz. 

The prevailing country rock is granite, but a dike of porphyry of the Morenci 
type is found in places along the vein, varying in width from a few inches to 20 
feet, and chiefl}' following the foot wall, but not always regularly. Along the 
surface carbonate ores were found which descended 200 feet below the surface. 
The main ore bodies consist, however, of pyrite and chalcocite; sometimes also 
of pure chalcocite. In a few places the copper glance appeared at the surface, 
but only in places where the ro(*k was exceptionally hard. There are two shoots 
developed corresponding to the two shafts. The Solid shoot pitches northeast and 
follows the hanging wall, the foot wall being more irregular. It shows a fine 
body of ore from 6 to 8 feet wide and said to be 400 feet long on the third level. 
The North shaft contained an ore body of pyrite and glance in the upper levels. 
In depth this ore body was lost, and onl}' mineralized granite accompanied the vein. 
Wherever much solid glance occurs in the ore, quartz usually accompanies it.^' 

o Since the above was written I am informed by the manager. Mr. A. P. Ayling, that the Solid shaft has been 
sunk to a total depth of 800 feet. Ore of decreasing but well-payable tenor is stated to be developed down to the lowest 
level. The oxides and the chalcocite are said to occur more rarely below the SOO-foot level. The New England and 
Clifton companies have consolidated to the New England and Clifton Copper Company. 
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On the whole the deposit is a fissure vein with a small amount of quartz and 
a large amount of mineralization of adjoining rocks. The secondary depth of 
chalcocite appears to be attended with a likewise secondary deposit of quartz. 
Practically no other minerals occur in the vein. Together with the pyrite some 
chalcocite is occasionally found. All of the ore contains some gold, varying from 
$1 to $4 per ton. 

The Copper King vein, continuing its course from Copper King mine on the 
holdings of the New Kngland Copper Company, crosses near the summit of 
Copper King Mountain, and descends northeastward over the steep bluflfs which 
form the eastern slope of that mountain. Two claims on this vein are owned 
by the Clifton Consolidated Copper Mines. Near the summit of the moimtain 
are several shorter tunnels developing the vein. Some chalcocite and malachite 
occur in these. There seems to be but little porphyry along the vein in this 
part of its course. Lower down it has been opened by two tunnels, the lowest 
at an elevation of about 5,500 feet, and the other 200 feet higher. The latter 
two tunnels are first crosscuts through granite. In striking the vein the latter 
appears somewhat irregular, and but little porphyry o<Turs along it. Bunches 
of malachite and even a little chalcopyrite have been found in the lower levels, 
but no large ore bodies have thus far been exposed. 

It is claimed that the Copper King vein is traceable down to Colorado Gulch, 
and even across to Dorsey Gulch; the latter, however, seems somewhat uncertain. 

ClaimH northwest of Copper lung rent. — Above the point where the Copper 
King vein crosses Rocky Gulch several prospects have been opened, continuing 
up to the divide toward Placer Gulch. Most of these^ are located on porphyry 
dikes similar to that of the Copper King. A short distance above the Copper 
King vein the Virginia is met, a prospect owned by the Markeen Company, w^iich 
is r(»ported to have opened some good ore bodies of chalcocite ore. Above this 
follows the Raton, on which occurs a large body of porphyry, impregnated in 
several places with malachite. Next follows the* Delaware claim, on which has 
l>een discovered a strong vein, which is reported to be tniceable up to the Trilby 
claim near the top of Copper Mountain, with a general north -northeast direction. 

A short distance across the divide and down on the tniil toward Placer (lulch is 
the Veiled Prophet group, showing several prospects along narrow porphyry dikes 
in gmnite. Some of these dikes are an approximatc^l}^ northeasterly continuation 
of the King mine on the divide between King Guh'h and Standard Gulch. 

Th«» Mansfield claim is located at an elevation of (),350 feet, about one-half 
mile north-northwest of Copper King Mountain. It is the property of the Clifton 
Consolidated Company. On the surface a porphyry dike with the usual northeasterly 
direction cuts through the granite, and along it a pocket of high-grade malachite 
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ore containing a little gold and silver wa.s found. Nothing was developed below 
this, and a tunnel run 150 feet below, along the vein, exposed onl}' small amounts 
of ore. The tunnel is 300 feet long and follows the porphyry dike, which is up 
to 50 feet wide. Near the breast a small amount of volcanic material was 
encountered, prolmbh' a dike of basalt or andesite. The main body of ore on 
this level was found at a cross fracture, and consisted mainly of oxidized ore, 
6 feet in width, said to contain 6 per cent of copper. 

Vehis 171 granite northeast of Copper King Mountain, — The vein system con- 
nected with porph\'ry dikes, which has already l)een described in part, continues 
for some miles farther in a northwesterly direction, and these veins, on which 
but little development work has been done, contain a more considemble amount 
of gold and silver. A stamp mill was built some years ago at Evans Point, 
probably in the belief that the gold would continue free in depth. The ruins of 
this are still standing. 

Several veins cross Colomdo Gulch. The Colorado vein follows a decomposed 
dike of porphyry, and is said to contain a notable amount of gold. A dike of rhyo- 
lite follows this porphyry, but contains no ore. A number of veins cross al>ove 
this point, but the developments amount to but little. On Dorsey Gulch some 
claims are actively worked at present. One of these is known as the Black Prince, 
and is said to be an extension of the Poland. The developments consist of a 
shaft and short tunnel. The Golden Eagle is located at an elevation of 4,400 
feet, a quarter of a mile lower down on Dorsey Gulch, and the vein is claimed 
to be the same as the Copper King vein. It was developed in HK)2 b}- the Polaris 
Company, the workings consisting of two tunnels. The vein follows a porphyrv 
dike in granite, strikes north 50^ east, and dips 80^ north. The width is up to 6 
feet. The ore contains copper, gold, and silver, and has a rust}' and decomposed 
aspect, yielding some light gold in pan. Two or three feet of fine-grained siliceous 
ore exposed in the lower tuniiel contain pyrite, chalcopyrite, and chalcocite. On the 
northeast side of the gulch it is stated that the same vein has been found, and 
that from one pocket a small amount of ore has been shipped containing %\) of 
gold and 4 ounces of silver per ton. Lead is also said to occur on it. The Poland 
claim, like the others but little developed, is located on the high ridge separating 
Dorsey Gulch from Sycamore (xulch, at an elevation of about 5,000 feet. The 
ore consists of rusty altered granite; some porphyrv occurs close by. Many 
other fissures occur in the uppi^r basins of Colorado and Dorsey creeks, but 
very little development work has been done on them. 

The most northeasterly- prospect in this part of the district is on Sycamore 
Gulch at an elevation of 4,500 feet, and is known as Fischer's mine. A small 
tunnel is here run on the vein, with a northerly direction, following a dike of 
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normal diorite-porphyrv dippinc^ 45 E. The ore contains (^alcite, pyrite, and 
zinc hiendf*. A snnall '^-Htamp mill ha< ^leen erectal to reduce the same, hut 
ha."* not ^>een operated lately. No prospects sire known to occur northeast of thi^ 
pr>int. A few mile^4 farther on. beyond Silver Creek, the older forniations are 
<overe<J hv Tertiary lavas. At an elevation of 4..><«» feet on Silver Creek, granite. 
[)orphyrv. and lime are exposed, and old ado^>e buildings seem to indicate that 
prosp^^cting htu* been <-arrieil on in this vicinity. 

Wf-arer daimn, -These prospects are Un-ated high up on the slope of Copper 
King Mountain, between the summit and San Francisco River, at an elevation of 
5,200 feet. A trail extends up to it from Oroville. on the river, which is about 1 
mile distant. The property *'on**ist«i of two rlaims. «*alled the Good Luck and the 
Gray Cliff, and is develoj)ed by two tunnels. On the Gray Cliff the developments 
consist of a cross<'Ut of 2>Jo feet, together with 2<m> feet of drifts and a VHUfoot 
winze. The timnel on the (rotKl Luck i> stated to be a tTosscut 140 feet long. 
The vein, which strikes northea-^t. follows a porphyry dike 75 feet wide, the ore 
occurring as black sulphide and green stain in the nuiss of the porphyry. 
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Gravels, gold-bearing, occurrence of 212 

Gray Cliff claim, location a- d character of 364 
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Hummingbird mine, character and location of 242-244 

Hydrometamorphism. See Metamorphism by water. 
Hydrothermal metamorphism. See Metamorphism by 
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description of 78-87 

intruMlons of 94-95 

occurrence of 17 
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Intrusive rocks. See Igneous rocks. 
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Jameson mine, location and character of 42, 319-320 ' 
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207, 319-320. 33&-336 I 
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Joy dike, character of 165, 24A-249, 2.Vi 

location (»f 243, '258 
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metamorphism in 172, 173, 259 
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ores of, character of 202-204.258-259 
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oxidation in. depth of 213,259 
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pyrite from 45 
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location of 258, 259 
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Kaolin occurred i» and character of 111,192-198,238 
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location and character of 305 
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Las Trajas claim, location and character of 345 
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metamorphism in 125 

occurrence of 17,86,849,357 

Leaching process. See Lixi\iation. 
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form of 195 

photomicrographs of 148 

output of 83. 233 

oxidation in 238 

porphyry In, analyslM of 239 

rocksof 82,193,197,233-237,239 

photomicnigraphs of 136-142, 14H 

Hections of, diagrams showing 234, 235 

Lozonema sp., occurrence of 69 

M. 

McLean, Gordon, information from 242, 246, 247 

Mactra warreniana, occurrence of 74 

Magma, character of 161-164 

Magnetite, character of 102 

decomposition of 20 

formation of 19, 28, 124-125, 160, 222 

occurrence of 38, 102, 16(^157 

oxidation of 178-179 

photomicrograph of 144 

production of 36 

Ma]a<.>hite, character of 117 

formation of 20, 98 

occurrence of 97, 117 

photomicn>graph of 152 

Malapais, Mount, elevation of 356 

location of 55, 356 

rocks of 87, 357 

Mammoth mine. hM-ntion and o<'<'urrence of. . 41 . 350, 353-354 
mlncralH in 111-112 
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Mammoth vein, character of 2D.2U»-211 

Mangane>ie Blue mine, character of 19. 240 

depth of 232 

development of 245-247 

dikes in 249-250 

elevation of 246-247 

faults in 247. '249-250 

Irjcation of 35, 240. 245 

metamori>hisni in 156-247 

minerals in 102. 108, 106. 109. 117. 121. 247-250 

ores of, analyses of 3h 

character of 20. 99, 19><, 240. 247-250 

form of 196 

oxidation In. depth of 213 

production of 245-247 

r«Kks In 155. 197.240,247-248 

section of, cliugrams ^howing 241 . 246 

Mansfield claim, location and chanu'ter (»f 362-363 

Map of Metcalf and vicinity 306 

of Morenci and vicinity 224 

Map, geohjgical. of (Uifton-Morenci district F'ocket 

of Metcalf and vicinity 306 

Map, index, showing position of di««trict 28 

Maps, areas of 224. 306 

making of 27 

Markeen Copper Co., mines of. description of 360 

Markcen Mountain, elevation of 356 

location of 55, 356 

rocks of 299, 360 

veins of. character of 21-22. 211 

Menophylhmi sp., occurrence of 72 

Mesozoic rwks, description of 72-74 

<x*currence of ?2-7l 

Metamorphism, by ascending hot water, description 

of 124-125. 1*V4- 177 

by ascending hot water. effe<"t«< of I25, 

159-160,170-177.315-316 

in granite 170-171. 315-316 

in limestone 171-176 

in quartzite 170-171 

in shale 171-176 

of porphyry 164-177 

areas of 165 

character of 165-177 

by ascending hot water and l)y contact, relations 

of 176-177 

by contact, additions re<'eive<l during 162-165 

age of 198-199 

agents of 124,1-26.194 

di>scription of 126, 164 

summvy "f IW, 160-164, 194 

efTects of i'*. 124, 194,294-296, 331 

occurrence of 19-20, 

23, 124. •294-295. 3t6. 310-314. 831-833 

paragencsis in 194 

principal areas of 1-26-160,294-295 

products of 19.23, 124, 194, 831 

rock products of. photomicrographs of 1:16-144 

by descending oxidizing water, age of 198-199 

cfIe<*tBof 1'25.177,194 

in lissure veins 182-189, 191 

In limestone 182-191 

in ore deftoslL** 18>-191 , 194 

in porphyry 189-191 

in shale 191-194 

■ processes of 177-194 

by descending sulphate waters. prrx-Cfscs <f 180-181 

by descending waters, effects of 124-11:6 
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Metamorphism by prewmre 124 

character of 128-126 

classes of 124-12.*) 

processes of 128-194 

See also Oxidation. 
Metasomatism, processes of. See Metamorphism. 

Metcalf, copper at 18. 27, 101 

copper mines at, character of 19, 31, 42 

locating of 33 

faulting near 316-317 

future of 223 

geology near 306-317 

map of vicinity of 306 

mines at 320-331 

minerals at 103,109.111,117,119,121.312,319-337 

metamorphism at 100, 306, 306. 310-316, 318, 331-334 

ore deposits at, summary of 334-337 

ores at. character of 207, 318-331, 334-337 

population of .' 34 

railroad to 41 

rocks at and near 78-79, 110, 202, 214-218, 307-310 

topography near 305-B06 

underground water at 317-318 

veins at 164, 171 , 199-209 

views from and of 310, 320 

water supply of 306 

Metcalf, Bob, exploration by 32 

Metcalf mines, description of 320-323 

elevation of 320 

location of 305,320 

minerals in 100, 106. 1 13, 118, 119, 321 

native copper in 101 

open cut on, view of 316 

ores of, character of 203-204. 320-323 

photomicrographs of 148 

production of 46, 320 

rocks in 321-323 

water in 318 

Mexican claim, description of 302 

Minerals, descriptions of 100-122 

occurrence of 67-66, 101-122 

paragenesis of 194 

Mines, character of 19 

depth of 19 

Mining, cost of 36 

Mining companies, list of 34 

Mississippian rocks, metamorphism of 19 

occurrence of 17. 228 

See also Modoc limestone. 

Modoc limestone, age of ^ 72 

analyses of 71 

character of 69-70,168-169 

correlation of 72 

deposition of 94 

f ossi Is of 7 1 -72 

metamorphism in 127, 

131, 133-134, 163-155, 158. 245, 247, 312-313, 332 

minerals in 70-71, 109, 116 

occurrence of 69-70. 133, 228, 242, 263, 310, 347-348, 367 

ores in 197 

sections of 70 

specimen of, photomicrograph of 138 

Modoc mine, minerals in 103, 111, 113, 114, 116 

Modoc Mountain, elevation of 225 

fotisils from 72 

limestone from, analysis of 71 

metamorphism on 127-133 

minerals on 109, 111 
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Modoc Mountain, ores on, character of 240 

rocks at and on 73.83,156,226,226-229,240,242 

sections at and near 62, 68. 70 

west slope of, mines on 240 

Molybdenite, occurrence and character of 107 

Montezuma mine, character of 268 

development of 288 

dikes in and near 166,264-256 

elevation of 253 

hiiJtory of 83 

location of 36,240,268 

metamorphism in 156, 176 

minerals in 106,119,254-267 

ores of, analyse.*" of 88 

character of '20, 198. 202-201, 240, 258-267 

form of 196 

photomicrograph of 146 

production of 263 

rocks of 83,165,157.258-257 

photomicrographs of 146 

veins in 264-267 

Montezuma vein, character of 207, 254, 257 

location of 266 

section of, diagram showing 258 

Morenci. character of 227 

copper at l.H, 27 

copper mines at. character of 19, 21, 31-32 

developments at 33 

dikes near 126-183 

elevation of 22, 232 

furnaces at 88-35 

future of 228 

intrusion near 126 

limestone from, analyses of 71 

location of 84, 225 

map of vicinity of 224 

metamorphism at and near 19, 100, 126, 127-158 

areas of 133-158 

minerals at 108, 106-107, 109, 111, 119 

mines of, descriptions of 233-291 

native copper at lOl 

ores of, character of 196-199 

Paleozoic column at .59 

population of 34, 227 

porphyry at, analysis of 64, 168 

railroad to 34-35 

rocks at and near 62, 

67-66, 78-79, 64, 110, 202, 214-218, 227-281 

sections at and near 60,63, 73, 163 

diagram showing 69, 226 

topography near 224-227 

underground water at 226, 232 

vein system and underground workings at, dia- 
gram showing 232 

veins at 164, 171, 199-209, 231 

view of 224 

Morenci Canyon, character of .53, 225 

gold in 101 

limestone from, analyses of 64 

location of 226 

mouth of, view of 66 

rocks of 73, 80 

view in 60 

Morenci shales, age of 66-69 

analyses of 67, 180 

character of 66 

correlation of 69 

deposition of 94 
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Morenci nhmlwi. lomlU in 6>m:» \ 

inftanM»n»hlHm In 127-1.»m. 130-131. l.V>-Ift6, 236-237 j 

mineral#«in 67-fiH.lll.lOl | 

oerunvnce of 66-67, 185-156. ' 

22H. 235-236. 242. a'>3. iV. '2S3. 293, 300-310. 312. 317, 357 

ore« In 197-19ft 

specimen of. photomicro|EnrH|>h of 13M 

Morenei Southern Railniad, I<M>ation of 226-227 

Morencite, analyniK of 116 

formation of 17H 

<x*currenee and dejM'ription of 100.115-116 

Muficovite. formation of 124 

occurrence and character < f 110 

N. 

New England Mining Company, mine5i of 361 

Nicholas, Paul, acknowledgments to 2H 

North Yankee dike. location of 271 



Oiivett(.> claim, location and character of 860-361 

Ophileta Kp., occurrence of 65 

OrdoTician rotrkn, occurrence of 17. ri6 

Orw, analyRefi of 239 

characterof 18-20.97-99.195-228 

clamwof 31->32.36 

concentration of 19H-199 

copper depoMitJ* of, age of 196 

characterof lH-20, 97-99, 237, 318 

claM^>flof 31-32,98-99 

formation of, order of 222-223 

forms of 20,97,164,195-196 

occurrence of 31,99-100,227,306,325-329 

origin of 19 

oxidation of 1 77-194, -221-223 

relatioUH of porphyry and 98 

copper In, per cent of 35, 38, 42 

geneainof 19-20,23-25.32.96,218-228 

handling of, methods of 35 

of chalcoclte zone. See Chalcocitc zone, 
of pyritic zone. Se^ Pyritic zone, 
of surface zone. Sre Surface zone. 

origin of 19 

oxidation of 177-194. 199, 221-222 

paragenetdH of 194 

photomlcrc^raphM of 1:18-152 

producticm of 36 

tenorof 47-48,223,256,263,318 

Ores, carlxmate, age of 198-199 

character of 195-196 

croppings of 197 

horizon of 19lM97,2fl2 

origin of 197-198 

Ores, concentrating, chara<?ter of 35 

production of 36 

Ores, oxidized, age of 19H-199,221 

character of 35, 195 

croppings of 197 

exhaustion of 20 

horizon of 196-197 

in limestone and shale 171-176 

occurrence of 20, 97, 99, 233 

origin of 197-198,221 

Ores, pyritic, value of 202 

Ores, smelting, character of ^ 35 

production of 86 

Ores, sulphide, character of 35-86 
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Ores, occurrence of 97 

Orovllle. gold at 3:*, 101 , 359 

Orthis sp.. occurrence of 72 

Orthothetcs InGDqualls. occurrence of 72 

Oxidation, action of 24 

agents of V2h 

beginning of 199 

depth of 22-28. 197, 199, 213, 252, 268-269 

effects of . . . . 20, 24-25, 125. 177. 201, 228. 288, 31 1-312, 333-384 

enrichment fn>m 98,221-223,238,884 

of chalcoclte zone 186-189 

orderof 180,194 

pHK-esses of 177-194, 201 , 833-334 

rate of 207 

P. 

Paleozoic rock.s character of 308 

description of 58-72 

dislocation of 88 

divisions of 58-59 

metamorphism of 19 

o<*currencc of 17, 227, 306, 308, 324 

section of 68-59 

diagram showing 59 

Paragenesis of minerals 194 

Penfleld. 8. L. , on dioptase 112 

on libethenite 118 

on spangolito 120 

See aUo PIrsson and Penfleld. 

Pennsylvanian rocks, deposition of 94 

occurrence of 59 

Petrography, character of 57-58, 

60-61. 63-65, 67-68, 70-71, 79-80 

Photomlcn^raphs of ores and rocks 136-152 

Physiography, description of 88-89 

Pinal schists, character of 56 

correlation of 56 

occurrence of 66 

PInkard formation, age and <*orrelation of 74 

character of 78 

fossils in ., 74 

occurrence of 73 

Pinkards Gulch, location of 292 

metamorphism at 127 

ores of, characterof 109,296-297 

roi'ks on 292-295 

Pirsson and Penfleld, minerals identified by ill 

Placer Gulch, metamorphism at 128 

roc ks in 79-80 

Platycrinus, (Recurrence of T2 

Pleurotomaria sp.. occurrence of 69 

Poland claim, ItM'atlon and character of 863 

Porphyr>-, age of 85 

analyses of 80-82, 166-169 

characterof 78-79,814-816,886,848 

contact metamorphic rock near, photomicrographs 

of 186 

fluid Inclusions In '. 215-216 

intrusion of 94-95, 229 

dislocation due to 88-89, 316-817 

metamorphism by... 19,23,85,95,128-158,160,219-221,227 

metamorphism in 125,164-170,202,815 

occurrence of 17, 

229. 286, 293-294, '299-300, 306. 310-811. 315, 348, 867 

ore deposits In, character of 384-386 

petrography of 79-84, 385 
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Porphyry, photoniicrographf* of 14H 

veins In 200.33&-:«6 

Pre-Cambrlan rot-ks, charncter and <KM*urrenoc of 17. 

Se-.'W, 227-228 

Produwsr vein, location of 298 

Prosperity claim, location and character of 355 

PyntHM'elaim, location and character of ^5 

Pjrlte, chalcotlzatlon of 1S3-W9 

character of 106 

formation of 19, 23, 124-125. 1 60. 166, 222 

occurrence of 21, 106, 157 

oxidation of 179-lW, 204 

Pyrltic ores, formation of 222 

photomicrograph.s of 142, 146 

Pyritic zone, character of 202-203 

depth of 201 

oxidation of 201 

Py roluslte, occurrence and character of 103 

I*>'r<3xene, development of, photomicrograph of 136 

formation of 23,124-125,160,176 

occurrence and character of 109 

oxidationof 178 

Q. 

QuarU, fluid solutions in 217-218, 220 

formation of 124-125,177-178 

occurrence and description of 101-102 

photomicrographs of 146 

Quartz-monzonlte-porphyry. Sec Porphyry. 

Quartzlte. metnmon>hlRm in 170-171 

R. 

Raber claim, location and character of 355 

Railroads, construction and location of 33-;{5, 41, 226-227 

Rainfall, amount of 29-30 

Ransome, F. L., on Apache group 62 

on Bolsa quartzltes 62 

on Devonian rocks 69 

Raphlstomina sp., occurrence of 6.T-66 

Rattlesnake claim, minerals from 114 

Relief of district, description of 52-55 

Rhipidomclla MIchelini ?, occurrence of 72 

Rhyolite, bluffs of, view of 52 

occurrence of 17 

Roads, location of 226 

Rocks, photomicrographs of 138-152 

See also Geolc^ical formations. 

Rosenbusch, H.. on metamorphism 161-162 

Rutile, occurrence and character of 102 

Ryerson mine, character of 19, 260 

development of '260-261 

dikes in 2fil-262 

elevation of 260-261 

faults in 267 

location of 260--261 

metamorphI(<m in 156, 262 

minerals In 106, 111. 117, 119, 263-264,267-268 

ores of, analysis of 38, 81-82 

character of 99, 182, 202-203, 260, 267-269 

photomicrograph of 1 160 

plan of, diagram showing 260 

porphyry from, analyses of 166-168 

character of 261-262 

production of .%, 260 

rocks In 1.57,261-263 

sections in, diagram showing 263, 264, 265 
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Ryerson mine, veins in 264-267 

Ryerson vein, chara<-ter of 204-205. 231, 264-266 

location (»f 231 

S. 

San Francisco River, data concerning 51-53, 55, 96 

gold on 101, 212 

gravel on 77-78 

rockson 59-60,62,67.75-76,87,91,358 

smelting on 361 

views on 30, 52 

water from, analysis of 51 

supply of 226,232 

Santa Roia Canyon, claims In 34^-346 

location of 53-54 

Sardine Creek, rocks on 87 

Schlzophoria Ivanofi, occurrence of 69 

McFarlani, occurrence of 69 

Sea, intrusion of 98-94 

Selenium, occurrence of 40. 108 

Seminula humilis?. occurrence of 72 

Sericlte. analysis of 170 

formation of 126, 16C 

occurrence and character of 110 

oxidation of 178 

Serpentine, formation of 124, 178 

occurrence and character of 110 

Shales, deposits in 336-387 

metamorphism In 19, 160, 191-lM 

Shannon Copper Co., capital of 46 

development by 46-47 

mines of 46-47,324 

ore of, handling of 46-47 

production of 18 

smelter of 47 

Shannon Hill, rocks of 20 

Shannon mine, description of 323-331 

geology of 324-325 

map of workings of 324 

metamorphic rock from, photomicrograph of 142 

metamorphism In 171 

minerals from 106.111.117.:«7-329 

native copper in 101 

ores of, analysis of .^t30 

characterof 20,198,207,325-329 

form of 196 

rocks of 197 

section of. diagram showing 526 

tunnels of 324 

views of and at 324 

Shannon Mountain, character of 54 

cbpper in 19 

dikes on 158-159, 166 

geological features of 324-325 

iron cap on. analyses of 313 

character of 312-314 

limestone of, analyses of 71.313 

metamorphism on 158-159 

minerals In 109,119 

mines on, elevation of 22, 41. 46 

ores In, character of 195-199 

rocks of 63, 79. 10?, 306-316, 324-325 

section on 70, 326 

view from 320 

view of 310 

Shirley tunnel, water in 213, 318 

Silica, formation of 20 
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45, 195. 2<)0. -21 1 . 242, 3.'iO-351 . 355, 35y, 3iW 

Silver BmkIh < 'n'ok, fniilt** in ''^* 

l(K'itIion t»f — ■*• — 

nx'k-H on "•*• ■^-'^''^* 

Silver <^nfk. nx-kn on V2X,JVA 

Smelting. i»nH-c«!*<fl* of JJ'*^*^*. ^ *-*^'- *"^** 

S<»li<l ropp4'r claim. l<H'ati(»n and fhanictrmf 'Mn 

Soto claim. ItK'ation an«l I'lianu'ter of 297 

8oU> fault. liH-atlon and charartrr of yl.230 

Spangolitf. tx'nim'nce and chanu'ter of 120-121 

Spe<'nlarite. formation of 

Sphalerite, fkf Zinc blende. 

Spirifer centronatiw, ocenrrenre of 

Forbesi, occurrewe of 

keokuk, ocenrrence of 

Spiriferina. occurren<-e of '- 

Springs, ooeurrenee of oi . ..>- 

S4|uare Butte, wetion at ^"^ 

Standard mine, denrription of '^^^ 

mineralHin 117, 3(W 

Stanton. T. W., f<»«ilH identified by 7^ 

Stciger. (fe*)rgi\ analynis by **• 

SteveuM, I., exploration by *- 

Steveni* Hill, nn-kH on 34H-350 

Hwtion at '^' 

8teven^« mines, loeation pi 1*«*^» '"^^ 

or« of. eharaeter of 19.5, 1*»<.:151 -352 

Stock werkH. character and iMTum-nce of 99 

formationof '^ 

Structure. geol(»gl<'al. deHcriptlon t>f W, mh-93 

di«locationH in '**^^ 

Sullivan. K. <?.. on Morenei whale l^"^ 

Sulphate waterH, metamorphlMn by Iso-lKl, 19K, 223 

Sulphldefl, <ixl«latlon of 20, 12ft 

Sulphur, occurrence of ^^ 

rcactioni* of metals and 1^'^ 

8ummar>' of paper ^'"'•^'' 

Sunnet Peak, nK-kn on *^ 

Surface a>ne, depth of 201 

oiwof '^-'^ 

Sycamore Creek, nnks of • ^'^ 

Sycamore Gulch. veiuH at !**• -'^^^ 

6yntn)pia »p.. occurrence of <*^ 

T. 

Tellurium, occurrence of 40, lOH 

Tertlar>- lavas. Sef Lava«. 

Thompson mine, on»s of. character of HI 

Timb(>rlng. cont of ^^ 

Topography, character of 29, 51-55. 224-231 , 305-306, 3.56 

Tremolite. See Amphibole. 

Trinidad mine, hx-ation and character of 

Tugiiellufi fusiformi«, (xcurrence of 

Tnle Spring limestone, occurrence an<l character of 
Turitella »p.. occurrence of 
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72 
71 



V. 1*11 Kc 

Vegetation, character of *' 

Vcilcil Pn»phct group. l«Kati«Mi and chara<rtcr of 3»".2 

Veiuh, tlHsure. chara<ter of 21 -22. 09, 170, 199. 231 

clai*»e«« of **• '^' -1^-**^ 

dialNLHc and. n'latitm'* of 209-210. 221 

formation of 2:V-24.tt5.219-221.-22:t 

h^ching of -^ 

l<K'ation of ^^ 

mctam«»ri»hiMn near 17«V-177.203.231 

M«irenci and Metcalf tyiM-..f 200-209,231 

iK'currence of 20-22, 97, 99. Ift4-lfr'>, 199-2^1 

orcHof 201.2(M-2tti 

<»xidati(»n (»f 177-1^9.•201 

IMinigenesi.-* in ^^ 

relate*! <b'|M»slt*» an<l 19^-200 

Htnu'ture of 200-201 

xon<^« in 201-20ft 

Vein>. aurifen>us. cH-currcnce and <'haractcr «»f 211 

V«Mivianite. <K'currence of lt»l 

Virginia mine, Icn-ation and character of :J53. MVi 

Vitriol, blue, (K'currencc and character of 121 

V<»lcanl<' eruption8.<K*currence of 95 

W. 

WagCM, amount of •** 

Walcott, Charh^H D.. fossils det<>rmined by (*\.*'A 

on Devonian nn-ks *"»9 

Wallace. L. R.. anal>-ses by M-a\S, 67-68. 71 

Wanl. Captain, organizali<»n by 34 

Wanl Canyon, nvks of "<> 

Water. efTect of 1*3-21, 9«. 219-22:^ 

oxidation by 20,23-24. 9S 

u«e of. In concentration 3tV-37, 42-43, 51 

Water, ground. conditionH of 22,212-213, '232, 317-31H 

Water, sulphate. metamorphlMm by lHO-181 , 19H 

Water gas. efTe<'U« of 163.222 

Waten*. a«»ending, efftK't of 223 

metamorphism by. Str Metam<»rphism. 

Waters, descending, enrichment by 221-222. 22:< 

metamorphlfon by. Sec Metamon>hi^m. 

Wt»ver claims. ItN-atifm and characU*r of 364 

Weed, W. 11., ore clanslflcatlon by 164 

Wellington vein, character of. . . 2a'>-20<-., '231, 2W-265, 274-275 

Wendt, A. F.. on Clifton copyier depodts 31. 33 

West Yankle dike, character and l<K*ation of 165,270-271 

West Yankle mine, ores of. character of 269 

porphyr>- from, analysis of 167-ir»H 

hKjation of *2 

West Vankie vein, character of 204-205. 264, 266-267 

Whitewater Creek, nnks on ^' 

I Willemite. oc<'urrence and character of Ill 

I Williams, H. S.. on Morenei fossils 68-69 

Williams vein, character and location of 205, 

207, -231,285-2^8, 291 

faulting on 289 

seetWm on, diagram showing 2H4 

Winchell, 11. V., experiment by 1»* 

Wisi>man dike, Imation ami character of 311 , 814, 336 

Wollastonite. formation of 124 



ririch, E. 0., on I>ongfellow limestone fossils ^ 6fi 

Unconformity, occurrence of 17, 56. 73 

United States, copix'r production «.f 48 

United Verde district. copp«r pnKluciitm of 19.49 

ItK'ation of ' 

See. aUfu Jerome. 
Uplift, oceurrt'nce of ^ 



o<«currence of 
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Y. 



Yankle mine, hK'ating of - ^^ 

Yavapai mine, character of 269-270 

development of 270 

dikes in ''^"" 
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YavapHi mine, elevation of 270 

locution of 240.269-270 

metiimorphism in lot>. 270 

minerals in 2.>4. 270-271 

oreM of, eharaeter of 109, 271 

production of 16, 270 

rocks in 1^7. 176. 197,270-271 

section of. diaKram showing 265 

Z. 

Zaphrentis »p.. occurrence of (.9, 72 

Zeolite, formation of 124 

Zinc, <K'curren<'e of 38 , 



Zinc blende, chalcocitization of 1 ^-\h3 

characu*r of 107 

formati«»n of 19, 23, 160. 222 

occurrence of 21 . 107, 157 

oxidation of 180 

solution of 20 

Zinc ore. occurrence and character of 117 

Zircoti. oi'currencc and description of 102, 16'i 

Zirkel. F.. on metamorphism Itil 

Zone. »'halcocite. Sr^ Chalcoclfe zone. 

Zone, pyritic. .S<r Pyritic zone. 

Zone, surface. Scr Surface zone. 
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